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INTRODUCTION 


Tiim author has luid in view th(‘. ol)j(‘et of (‘,xteudin<^ the scope 
and nundxn* of (‘jjUJitions jukI i.jibh^s in tfn^ ^(‘.ar l^ook 

of \Vin‘J<‘ss 1^‘hv<^n‘iiphy/’ and of a,d(lini»; luunerous tabhvs and 
(M|uation,s facilitaiiinii; c.alc.uhii.ions occniTiiiuj in tln‘. sul)jecfc of 
w i r< ‘ I ess i ■( ‘.1 ra j ) I ly . 

No suc.li cornpleb^ book of ta()I(vs and (Mjuations exists, for the 
sptx'ilie. us(‘- of wirc’ih^ss (‘ugineers a.n.d otinu’s, uiuh'.r a sin.ii.’hi covin’, 
whicJi is iiluH aaithor’s (nxcus(‘. for putting th(^sc! into pn^sent form. 

A, buv work(Ml (‘.xa.inph‘s aa’c; shown of soiuet of tJn^ inon^, ilillicult 
expressions, nob^s t.o tJiis (dT(X‘.t btnnji; made, in tlu^. ina,ri»;in, ojiposite 
the (Mjuai ion ehosini and wopIvimI a.s a.n (‘xa-inphn 

A sp(x*iaJ point- has Ixnai nia-d(‘. of ,t;ivin<j; in (‘V(ny para.^ra,ph dialling’ 
with an (xpia-t-ion a. list, of i-lx^ in(‘a.nin^s and units usixl in, tliat 
(xpia.t'ion. This has ima-blixl tin' aad-hor to maintain tln^. identity of 
the symbols and ihi'ir nnainities as usimI in e-ert-a-in (xpnitions by 
dilTerent aaithors, i-hus fa-cilitadiiru; i)a,ek n'.lenmee to t-lu^ oriji;inaIs 
wh<‘n r(‘(pur<‘d. 

Ib)r insta-nci", one. comes a-c-ross B ” usi^d a,s a c.orr(‘.c.i-in^^ function, 
in a.(vrial ea, pa, city formula? (pa,r. 5) a.nd as a,not.h(‘.r corriT-tine; J’lmction, 
havine n, toi-aJly diUnnuit si^nilicaiua? in indiu-tama^ formuhe (par. 7). 
ddu‘.S(? di(T(‘.nmc,<‘s a.n? ch?arly liroujjjht out by the exj)licit lists of 
symbols ^iv(?n. 11i(? major portion of tiu? tabl(?s eiv(?n in i-ln? 1917 

Y(‘ar Book of \Vir<?less Tcle^L^raphy ” ar<? include.d in tin? present 
book of ta.bh‘s, tog(?t[ier wii-h numerous others a,bstraet/(?<i intacT 
from other sourc.(?s or modified by tin? aaitlior to suit tin? pa.rticular 
reipurcmieuts of the presmit work; whilst S(?V(?ral others are com- 
put<?d by the author lumsell specially lor these tallies. 

The author is ind<?l)te,d to Misssrs. V. A. Hmart a.nd. It. lh‘i(?(‘- 
Smii-li for tli(?ir va.lua.l)h? contrihid-ions of tallies of a, me(?]iani(*a,l 
(?ni»ineeriii‘»; na-turc?, for not<‘s on a,rithm(?ti.(?a.l ])rocess(?s, a.n,d for 
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useful information on aerial stays and ' insulators, and to The 
London Electric Wire Co. for permission to publish such of their 
tables and formulas as were needed. 

The author hopes that wireless engineers, designers, students and 
others will find these tables and equations useful in the course of 
their work. 


January, 1919. 


B. HOYLE. 
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(c) Parallel Plate Condenser (Composite Dielectric) 
I^t dielectric be part air and part material of S.I.C. = 
Let t = thickness of slab of insulation in cms. 
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N.B. — ^Both these formiilse require corrections applying for num- : 

of turns and insulation thickness. i Example 3 (page 70)- 

In both c^es 

True inductance L = L-s — aZ ; See Tables 11 and 12 for values of 

whem aL = 4:Tran{A-^ B) cms. j ^ and B (page 43). 
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Inductance of two coils, in parallel, with no mutual inductance, 

LiL. 


Inductance of two coils, in series, with mutual inductance 
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Note. — W here the coils are not very far apart, each coil should 
be represented by two imaginary equivalent circles, instead of 
one, their distance apart being 2g where g ~ 0-28876, 

6 being the breadth of the coil in question. 


Let the four equivalent circles be 

P and Q for one coil 
and R and S for the other. 

Then work out Mo = \/ Aa,y cms. as above, 
for P and R 



This is very approximate when the two peaks occur close together 
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10. Aerial Inductance, Capacity, Za = antenna inductance, in henries, 

and Resistance. . Aa = antenna capacity, in farads. 
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29-30 I gee Notes and Example 26 (page 98). 


12. Logarithmic Decrement . Resistance decrement. See Example 11 and Table 18 

R — high frequency resistance in ohms. (pages 51 and 77 respectively). 

n — frequency of oscillations. 


u 


RADIO-TELEGEAPHY 






o g 

■4-1 O 

aj 

C! >13 




PS ^ 




5.^ •§ 


<0 


CO ^ P 

> ^ i 
■“ 1-9 

3 


■o 

cS 


• -i 

ao G 
O CD 
V pH 
P 






o xs 

7 

fcib 


^ «s 


ns 

d 

ce 


K.4 <U 

^ 


1 


-9 


^ o 




•:::::< 

S rH 

a 


P 

cr< ^ 

“ ^ K? 


P 

a 


.s 


3 

a 


ii 

^ a 

CO P 


+ 



XJSEFUL FOEMULy^^ AND KQlIA'nONK 








In a circuit having inductance, capacity and resfetance in series, [ If the units are henries, farads and 
where p = — 6*28?i, j ohms the impedance is equivalent 

— to ohms. 




I Then instantaneous voltage 
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ence of phase between current and voltage. The amount of 
lag or lead is measured by the difference in the phase angles of 
the harmonic motions representing current and voltage ; this ; 
angle (p is called the angle of lag, or lead, : 



distance between stations. All in kilometres. for good reception with ordinary 

dissipation constant = 0*0015 in da 5 ''light over sea. detectors, but with audion ampli- 
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These formulae are subject to some 
small corrections not given here. 
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(5513 

(1522 

1 

2 

3 

4 

5 

(5 

7 

8 

0 

45 

(5532 

(554 2 

6551 

(5561 

(557 1 

(5580 

6500 

6590 

6(500 

(1(518 

1 

2 

.3 

4 

n 

6 

7 

8 

0 

4(5 

0(528 

(5(537 

(5(546 

(5(55(5 

(5665 

(5(575 

6681 

6(503 

6702 

(5712 

1 

2 

.3 

4 

r. 

(1 

7 

7 

H 

47 

(5721 

(5730 

6730 

(5740 

6758 

(5767 

(5776 

6785 

(5704 

6803 

1, 

2 

3 

4 

5 

5 

(5 

7 

8 

48 

(5812 

(5821 

6830 

6830 

6848 

(5857 

68(56 

(5875 

(5884 

(5803 1 

1, 

2 

3 

4 

4 

5 

6 

7 

8 

40 

6002 

6011 

6020 

6928 

6937 

6040 

0955 

6064 

(5072 

(5081 

1 

2 

3 

4 

4 

5 

6 

7 

8 


USEFUL FOKMUL^ AND EQUATIONS 


logarithms. 


0)998 7007 701G 
i 7084 7098 7101 
7168 7177 '7185 
7251 7259 7267 
7332 7340 7348 

7412 7419 7427 
7490 7497 7505 
7566 7574 7582 
7642 7649 7657 
7716 7723 7731 i 


7024 7033 7042 
7110 7118 7126 
7193 7202 7210 
7275 7284 7292 
7356 7364 7372 

7435 7443 7451 
7513 7520 7528 
7589 7597 7604 
7664 7672 7679 
7738 7745 7752 


12 3 456 789 


i7050 7059 7067 1 2 3 3 4 5 6 7 8 

7135 7143 7152 1 2 3 3 4 5 6 7 8 

7218 7226 7235 1 2 2 3 4 5 6 7 7 

7300 7308 7316 122345 667 

7380 7388 7396 12234 5 667 

7459 7466 7474 1 2 2 3 4 5 5 6 7 

7536 7543 7551 122345 5 6 7 

7612 7619 7627 122345 5 6 7 

7686 7694 7701 1 1 2 3 4 4 5 6 7 

7760 7767 7774. 112 3 4 4 567 


7782 7789 7796 7803 7810 7818 7825 7832 7839 7846 
7853 7860 7868 7875 7882 7889 7896 7903 7910 7917 
7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 
7993 8000 8007 8014 8021 8028 8035 8041 8048 8055 
8062 8069 8075 8082 8089 8096 8102 8109 8116 8122 


I 8136 8142 8149 
i 8202 8209 8215 
8267 8274 8280 
i 8331 8338 8344 
8395 8401 8407 

8457 8463 8470 
8519 8525 8531 
8579 8585 8591 
8639 8645 8651 
8698 8704 8710 

8756 8762 8768 
8814 8820 8825 
8871 8876 8882 
8927 8932 8938 
8982 8987 8993 

9036 9042 9047 
9090 9096 9101 
9143 9149 9154 
9196 9201 9206 
9248 9253 9258 

9299 9304 9309 
9350 9355 9360 
9400 9405 9410 
9450 9455 9460 
9499 9504 9509 

9547 9552 9557 
9595 9600 9605 
9643 9647 9652 
9689 9694 9699 
9736 9741 9745 

9782 9786 9701 
I 9827 9832 9836 
9872 9877 9881 
9917 9921 9926 
9961 9965 9969 


8156 8162 8169 
8222 8228 8235 
8287 8293 8299 
8351 8357 8363 
8414 8420 8426 

8476 '8482 8488 
8537 8543 8549 
8597 8603 8609 
8657 8663 8669 
8716 8722 8727 

8774 8779 8785 
8831 8837 8842 
1 8887 8893 8899 
8943 8949 8951 
8998 9004 9009 

9053 9058 9063 
9106 9112 9117 
9159 0165 9170 
9212 9217 9222 
9263 9269 9274 


8176 8182 8189 1 1 2 3 3 

8241 8248 8254 1 1 2 3 3 

8306 8312 8319 1 1 2 3 3 

8370 8376 8382 1 1 2 3 3 

8432 8439 8445 11223 

8494 8500 8506 1 1 2 2 3 

8555 8561 8567 1 1 2 2 3 

8615 8621 8627 1 1 2 2 3 

8675 8681 8686 11223 
8733 8739 8745 1122.3 

8791 8797 8802 1 1 2 2 3 

8848 8854 8859 1122 3 

8904 8910 8915 1122 3 

8960 8965 8971 11223 

9015 9020 9025 11223 


9009 9074 9070 1 
9122 9128 9133 1 
9175 9180 9186 1 
9227 9232 9238 1 
9279 9284 9289 1 


9315 9320 9325 9330 9335 9340 1 
9365 9370 9375 9380 9385 9390 I 
9415 9420 9425 9430 9435 9440 0 
9465 9469 9474 9479 9484 9489 0 
9513 9518 9523 9528 9533 9538 0 


12 2 3 
1 2 2 3 
1 2 2 3 


1 2 2 3 
1 2 2 3 
112 2 
112 2 
112 2 


9562 9566 9571 
9609 9614 9619 
9657 9661 96(56 
9703 9708 9713 
9750 9754 9759 

9795 9800 9805 
9841 9845 9850 
9886 9800 9894 
9930 9031 0939 
997-1 9978 9983 


9576 9581 9586 0 1 

9024 9628 9633 0 1 

19671 9675 9680 0 1 

9717 9722 9727 0 1 

9763 9768 9773 0 1 

9809 9814 9818 0 1 

9854 9859 9863 0 1 

9899 9003 9908 0 1 

9943 9048 9952 0 1 

9987 9991 9996 0 1 


4 4 5 
4 4 5 
3 4 4 
3 4 4 
3 4 4 

3 4/ 4 
3 4 4 
3 4 4 
3 4 4 
3 4 4 

3 4 4 
3 4 4 
3 4 4 
3 4 4 
3 3 4 
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RADIO-TBLEUEAPHY 


TABLE 2. 

Eoiib Eica/KFi Tahlk of Natukal Loos, of Numukhs I’kom 1 to lOO. 


Niiiul)or. 

n. 

Dif- 

Niiiubor. 

1-0 

O-OOOO 

053 

870 

801 

71 I 

000 

(550 

8-0 

1-1 

0-0053 

8*2 

1-2 

0-1823 

8*4 

1-3 

0-2024 

8*0 

1-4 

0-3305 

8*8 

1-5 

0-1055 

9*0 

1-0 

0-4705 

(504 

570 

540 

513 

488 

9*2 

. 1-7 

0-5300 

9*4 

1-8 

0*5879 

9*0 

1-0 

0-0410 

9*8 

2-0 

0-0032 

10-0 

2-1 

0-7420 

4(55 

445 

4 2(5 

4 07 

302 

10*2 

2-2 

0*7885 

10*4 

2-3 

0-8330 

10*0 

2-4 

0-8750 

10*8 

2-5 

0-0103 

11*0 

2-0 

0-0555 

377 

3(54 

351 

330 

328 

11*2 

2-7 

0-0032 

11*4 

2-8 

1-0200 

11*0 

2-0 

1-0(147 

11*8 

3-0 

1-0080 

3 2*0 

3-1 

M314 

318 

300 

200 

200 

281 

12*2 

3-2 

1*1032 

12*4 

3-3 

M041 

12*0 

3-4 

1*2240 

12*8 

3-5 

1-2530 

13-0 

3-0 

1-2811 

273 

2(5(5 

200 

253 

247 

13*2 

3-7 

1-3084 

13*4 

3-8 

1-3350 

13-0 

3-0 

1-3(11 0 

13-H 

4-0 

1-3803 

14*0 

4-1 

1-4110 

212 

2.35 

220 

221 

220 

14-2 

4-2 

1-4352 

14-1 

4-3 

1-4587 

14-0 

4-4 

1-481(5 

M-H 

4-5 

1.5040 

15-0 

4-fl 

1-5200 

217 

211 

200 

200 

392 

15-2 

4-7 

1-5477 

15-4 

4-8 

1-5(188 

15-0 

4-0 

1-5894 

15-8 

5-0 * 

1-0094 

10-0 

5-2 

1-0480 

378 

307 

318 

338 

328 

10-2 

5-4 

1-0804 

lG-4 

5-0 

■ 1-7231 

10-0 

5-8 ■ 

1*7579 

iG-a 

0-0 

1-71)17 

17-0 

0-2 

1-8245 

318 

308 

298 

290 

283 

17-2 

0-4 

1-85(53 

17-4 

0-0 

1-8871 

17-0 

(5-8 

1-01(59 

17-8 

7-0 

1-0459 

18-0 

7-2 

1-0742 

274 

200 

250 

252 

248 

18-2 

7-4 

2-001(5 

18*4 

7-(5 

2-0282 

18*0 

, 7-8 

2*0511 

18-8 

8-0 

2*0704 

19*0 


LoKg n. 


2 '07 94 
2 -ion 
2 1 284 
2-1520 
2-174 0 
2-1072 

2-2101 

2-2407 

2-2010 

2-2825 

2-3020 

2-3225 
2-34 20 
2-3011 
2-3700 
2.-3070 

2-4158 
2-4 333 
2-4507 
2-4070 
2-4840 

2-5014 

2-5177 

2-5337 

2-5405 

2-5050 

2-5803 
2-5053 
2-0101 
2-024 7 
2-0301 

2-0533 

2-0073 

2-0811 

2-0017 

2-7080 

2-7213 

2-7344 

2-7473 

2-7000 

2-7720 

2-7850 

2-7973 

2-8005 

2-8215 

2-8332 

2-8440 

2-8505 

2-8080 

2-8702 

2-8004 

2-OOM 

2-0123 

2-0445 


Dif- 

forcnco. 


248 

243 

230 

220 

223 

210 

210 

212 

200 

201 

190 

105 

101 

185 

183 

170 

175 

174 

172 

170 

105 

103 

100 

158 

155 

153 

150 

148 

140 

144 

142 

140 

138 

130 
133 
133 

131 
120 
127 
120 
124 

123 

122 

120 

117 

117 

110 

115 

112 

112 

110 

’ 3 00 
108 
107 
107 
1 05 


Niiiubor. 


10 *() 

10-2 

10-4 

10-0 

10-8 

20-0 

20-2 

20- 4 
20-0 
20-8 

21 - 0 

21-2 
2 1 '4 
21-0 
21-8 
22-0 

22-2 

22- 4 
22-0 
22-8 
33-0 

23- 2 
23-4 
23-0 

23- 8 

24- 0 

24-2 
• 24-4 

24- 0 
21-8 

25- 0 

25-5 

20-0 

20-5 

27-0 

27- 5 

28- 0 
28*5 
29-0 

29- 5 

30- 0 

30- 5 

31- 0 

31- 5 

32- 0 

32- 5 

33- 0 

33- 5 

34- 0 

34- 5 

35- 5 

35*5 

30-0 

30-5 

37-0 

37-5 


n. 


2-9445 

2-9550 

2-9051 

2-9755 

2-9850 

2- 0957 

3- 0057 
3-0157 
3-0254 
3-0350 
3-0445 

3-0540 

3-0034 

3-0720 

3-()818 

3-0910 

3-1002 

3-1092 

3-1181 

3-1208 

3-1355 

3-1442 

3-1528 

3-1013 

3-1097 

3-1781 

3-1804 

3-1940 

3-2028 

3-2109 

3-2189 

3-2387 
3-2581 
3-2771 
3-2958 
3 -3 M2 

3-3322 

3-3490 

3-3073 

3-3843 

3-4012 

3-4177 

3-4340 

3-4500 

3-4057 

3-4812 

3-4905 

3-5110 

3-5204 

3-5410 

3-5554 

3-5000 

3-5835 

3-5072 

3-0100 

3-0244 


Dif- 

fcroiic(i. 


105 
I 01 
101 
101 
101 
100 

100 

07 

00 

05 

05 

04 

02 

02 

02 

02 

00 

80 

87 

87 

87 

80 

85 

84 

84 

83 

82 

82 

81 

80 

108 

104 
1 00 
187 
1 84 
180 

177 

174 

170 

100 

105 

103 

100 

157 

155 

153 

151 

148 

140 

Ml 

M2 

130 

137 

137 

135 

132 
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TABLE 2 — continued. 


Kumlaer. 

Loffg n. 

Dif- j 

fcrence. | 

1 

Number. 

Log-e n. 

Dif- 

ference. 

Number. 

Logg n. 

Dif- 

ference. 

37-5 

3*6244 

132 

131 

129 

128 

126 

124 

72 

4*2767 

138 

136 

134 

132 

290 

5*6700 

339 

329 

38-0 
38-5 . 

3*6376 

3*6507 

73 

74 ' 

4*2905 

4*3041 

300 

5-7039 

39-0 

39*5 

3*6636 

3*6764 

75 

4*3175 

310 

320 

5*7368 

5*7684 

316 

309 

299 

289 

281 

40-0 

3*6890 

76 

77 

4*3307 

4*3438 

131 

129 

127 

126 

124 

330 

340 

5*7993 

5*8292 

40'5 

41-0 

3*7014 

3*7136 

122 

121 

120 

118 

117 

115 

115 

113 

112 

110 

78 

79 

4*3567 

4*3694 

350 1 

5*8581 

41\5 

42-0 

3*7257 

3*7377 

80 

4*3820 

360 

370 1 

5*8862 

5*9133 

271 

267 

261 

255 

247 

42*5 

43*0 

43-5 

3*7495 

3*7612 

3*7727 

81 

82 

83 

84 

4*3944 

4*4067 

4*4188 

4*4308 

123 

121 

120 

118 

117 

380 

390 

400 

5*9400 

5*9661 

5*9916 

44-0 

44-5 

3*7842 

3*7955 

85 

4*4426 

410 

420 

6*0163 

6*0404 

241 

237 

231 

45-0 

3*8067 

86 

87 

4*4543 

4*4659 

116 

•114 

113 

112 

111 

430 

440 

6*0641 

*6*0872 

. 45-5 
46-0 

3*8177 

3*8286 

109 

108 

108 

106 

104 

88 

89 

4*4773 

4*4886 

450 

6*1097 

225 

219 

46- 5 

47- 0 

3*8394 

3*8502 

90 

4*4998 

*460 

470 

6 1316 
6*1530 

214 

209 

205 

200 
* 390 

47*5 

3*8608 

91 

92 

4*5109 

4*5218 

109 

108 

107 

106 

105 

480 

490 

6*1739 

6*1944 

48-0 

48*5 

3*8712 

3*8816 

104 

102 

102 

100 

198 

93 

94 ' 

4*5326 

4*5433 

500 

6*2144 

49-0 

49*5 

3*8918 

3*9020 

95 

4*5539 

520 

540 

6*2538 

6*2918 

380 

364 

350 

340 

328 

50*0 

3*9120 

96 

97 

4*5644 

4*5747 

103 

103 

ill 

560 

580 

6*3282 

6*3632 

51 

52 

3*9318 

3*9512 

194 

191 

187 

183 

180 

98 

99 

4*5850 

4*5951 

600 

6*3972 

53 

54 

3*9703 

3*9890 

100 

4*6052 

955 

620 

640 

6*4300 

6*4617 

317 

305 

294 

289 

285 

55 

4*0073 

110 

120 

4*7007 

4*7878 

871 
. 800 
739 
691 
645 

660 

680 

i 6*4922 

1 6*5216 

56 

57 

4*0253 

4*0430 

177 

174 

171 

168 

166 

130 

140 

4*8678 

4*9417 

700 

1 6*5505 

58 

59 

4*0604 

4*0775 

150 

5*0108 

720 

740 

i 6*5790 
6*6068 

. 278 

268 

260 

254 

249 

60 

4*0943 

160 

170 

5*0753 

5*1359 

606 

570 

541 

513 

489 

760 

780 

i 6*6336 
6*6596 

61 

62 

4*1109 

4*1271 

162 

160 

158 

155 

153 

180 

190 

5*1929 

5*2470 

800 

. 6*6850 

63 

64 

4*1431 

4*1589 

200 

5*2983 

820 

840 

6*7099 

6*7340 

241 

236 

230 

224 

218 

65 

4*1744 

210 

220 

5*3472 

5*3937 

465 

441 

430 

404 

393 

860 

880 

i 6*7576 
! 6*7806 

66 

4*1897 

150 

148 

146 

144 

142 

230 

5*4378 

900 

1 6*8030 

67 

4*2047 

240 

5*4808 


1 

68 

69 

4*2195 

4*2341 

250 

5*5212 

920 

940 

i 6*8248 
6*8461 

213 

210 

206 

200 

70 

4*2485 

260 

270 

5*5605 

5*5986 

381 

364 

350 

339 

960 

980 

6*8671 

6*8877 

71 

4*2627 

140 

138 

280 

5*6350 

1000 

6*9077 

72 

4*2707 

290 

5*6700 
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TABLE :L 

Eiauuw Tablk of Natuhad Sin,ks. 


NATO UAL HINKH. 


bij 

QJ 

P 

0' 

10' 

20' 

1 20' 

40' 

50' 

1 

2 

2 

4 

5 

0 

7 B 9 

0 

0000 

0029 

0058 

1 0087 

01 10 

0145 

2 

0 

9 

12 

15 

17 

20 23 20 

1 

0175 

0204 

0222 

1 0202 

0291 

0220 

2 

(1 

9 

12 

15 

17 

20 23 20 

2 

:i 

0249 

0278 

0407 

042(1 

0405 

0494 

1 

0 

9 

12 

15 

17 

20 23 20 

0522 

0552 

058 1 

0010 

0040 

0009 

i 

(1 

9 

12 

15 

17 

20 23 20 

4 

0098 

0727 

0750 

0785 

0814 

0842 

2 

0 

9 

12 

15 

17 

20 23 20 

r> 

0872 

0901 

0929 

0958 

0987 

1010 

2 

0 

9 

12 

14 

17 

20 23 20 

(} 

1045 

1074 

1 102 

1 122 

1 1 (11 

1190 

2 

0 

9 

12 

14 

17 

20 23 20 

7 

1219 

1248 

[270 

1205 

1224 

1202 

2 

0 

9 

12 

14 

17 

20 23 20 

8 

1292 

1421 

1149 

1478 

1507 

152(1 

2 

0 

9 

12 

14 

17 

20 23 20 

9 

1504 

1592 

1022 

1(150 

1079 

1 708 

2 

0 

9 

12 

14 

17 

20 23 20 

K) 

1720 

1705 

1794 

1822 

1851 

1880 

2 

0 

9 

12 

14 

17 

20 23 20 

1 1 

1908 

1927 

1905 

1994 

2022 

2051 

2 

0 

9 

11 

14 

17 

20 23 20 

12 

2079 

2108 

2120 

21 01 

2192 

222 1 

2 

0 

9 

11 

14 

17 

20 23 20 

12 

M 

2250 

2278 

220(1 

2224 

2202 

2291 

2 

0 

8 

11 

14 

17 

20 23 25 

2419 

2 147 

2470 

2504 

2522 

2500 

2 

0 

8 

11 

14 

17 

20 23 25 

IT) 

2588 

2010 

2044 

2072 

2700 

2728 

2 

0 

8 

1 1 

14 

17 

20 22 25 

J() 

275(1 

2784 

2812 

2840 

2808 

2890 

2 

(1 

8 

11 

14 

17 

20 22 25 

17 

2924 

2952 

2979 

2007 

2025 

2002 

2 

0 

8 

11 

14 

17 

19 22 25 

18 

2090 

2118 

2145 

2172 

2201 

2228 

2 

0 

8 

11 

14 

17 

19 22 25 

19 

2250 

2282 

2211 

2228 

2205 

2292 

2 

5 

8 

1 1 

14 

10 

19 22 25 

20 

2120 

2418 

2475 

2502 

2529 

2557 

2 

5 

8 

11 

14 

] 0 

19 22 25 

21 

2584 

201 1 

2028 

3005 

2092 

2719 

2 

5 

8 

1 1 

14 

10 

19 22 24 

22 

2740 

2772 

2800 

2827 

2854 

288 1 

2 

5 

8 

II 

14 

10 

19 21 24 

22 

2907 

2924 

2901 

2987 

4014 

4041 

2 

5 

8 

1 1 

14 

10 

19 21 24 

24 

1007 

4094 

4120 

4147 

4172 

4200 

2 

5 

8 

1 I 

12 

10 

19 21 24 

25 

422(1 

4252 

4278 

4205 

422 1 

4258 

2 

5 

8 

n 

12 

10 

18 21 24 

2(1 

4284 

4410 

4420 

4402 

4488 

4514 

2 

5 

8 

10 

1 2 

10 

IS 21 23 

27 

4640 

4500 

4502 

4017 

4042 

4009 

2 

5 

8 

10 

12 

15 

18 21 23 

28 

4095 

4720 

474(1 

4772 

4797 

4822 

2 

5 

8 

10 

12 

15 

18 20 23 

29 

4848 

4874 

4899 

4924 

4950 

4975 

2 

5 

8 

10 

12 

15 

18 20 23 

20 

5000 

5025 

5050 

5075 

5100 

5125 

2 

5 

8 

10 

12 

15 

18 20 23 

21 

5150 

5175 

5200 

5225 

5250 

5275 

2 

5 

7 

10 

J2 

15 

17 20 22 

22 

5299 

5224 

5248 

5273 

5298 

5422 

2 

5 

7 

10 

12 

15 

17 20 22 

22 

5440 

5471 

5495 

5519 

5544 

5568 

2 

5 

7 

10 

12 

15 

17 19 22 

24 

5592 

5010 

5040 

5004 

5088 

5712 

2 

5 

7 

10 

12 

14 

17 .19 22 

25 i 

5720 

5700 

5782 

5807 

5831 

5854 

2 

5 

7 

10 

12 

14 

17 19 21 

2(1 

5878 

5901 

5925 

5948 

5972 

5995 

2 

5 

7 

1 

12 

14 

10 19 21 

27 

0018 

0041 

0005 

0088 

0111 

0124 

2 

5 

7 

9 

12 

14 

10 18 21 

28 

(1157 

0180 

0202 i 

(1225 

(1248 

0271 

2 

5 

7 

9 

1 1 

14 

10 18 20 

29 

0292 

021 0 

02;-8 

0201 

0282 

0400 

2 

4 

7 

9 

1 1 

13 

10 18 20 

40 

0128 

0450 

0172 

0494 

0517 

(1529 

2 

4 

7 

9 

1 1 

13 

15 18 20 

41 

0501 

0582 

0004 

(102(1 

0048 

0070 

o 

4 

7 

9 

11 

13 

15 17 20 

42 

(}(>91 

0712 

0724 

075(1 

6777 

0799 

2 

4 

0 

9 

11 

13 

15 17 19 

42 

0820 

(1841 

(1802 

0884 

0905 

0920 

2 

4 

0 

8 

11 

13 

15 17 19 

44 

0947 

0907 

0988 

7009 

7020 

7050 

2 

4 

0 

8 

10 

12 

15 17 19 





USEFUL FORMULAE AND EQUATIONS 3; 

TABLE 3 — continued ^ 


naturai. sines. 


(D 

P 

0' 

10' 

20' 

I 30' 

40' 

50' 1 

, 2 

! 3 4 

: 5 

i 6 

'i 

^ 8 

! 9 

45 

7071 

7092 

7112 

7133 

7153 

7173 2 

4 

6 8 

10 

12 

14 

16 

i 18 

46 

7193 

7214 

7234 

7254 

7274 

7294 2 

4 

6 8 

10 

12 

14 

16 

18 

47 

7314 

7333 

7353 

7373 

7392 

7412 2 

4 

6 8 

10 

12 

14 

16 

18 

48 

7431 

7451 

7470 

7490 

7509 

7528 2 

4 

6 8 

10 

12 

13 

15 

17 

49 

7547 

7566 

7585 

7604 

7623 

7642 2 

4 

6 8 

9 

11 

13 

15 

17 

50 

7660 

7679 

7698 

7716 

7735 

7753 2 

4 

6 7 

9 

11 

13 

15 

17 

51 

7771 

7790 

7808 

7826 

7844 

7862 2 

4 

5 7 

9 

11 

13 

14 

16 

62 

7880 

7898 

•7916 

7934 

7951 

7969 2 

4 

5 7 

9 

11 

12 

14 

16 

53 

7986 

8004 

8021 

8039 

8056 

8073 2 

3 

5 7 

9 

10 

12 

14 

16 

54 

8090 

8107 

8124 

8141 

8158 

8175 2 

3 

5 7 

8 

10 

12 

14 

15 

55 

8192 

8208 

8225 

8241 

8258 

8274 2 

3 

5 7 

8 

10 

12 

13 

15 

56* 

8290 

8307 

8323 

8339 

8355 

8371 2 

3 

5 6 

8 

16 

11 

13 

14 

57 

8387 

8403 

8418 

8434 

8450 

8465 2 

3' 

5 6 

8 

9 

11 

12 

14 

58 

8480 

8496 

8511 

8526 

8542 

8557 2 

3 

4 6 

8 

9 

11 

10 

11 

59 i 

8572 

8587 

8601 

8616 

8631 

8646 1 

3 

4 6 

7 

9 

10 

12 

13 

60 

8660 

8675 

8689 

8704 

8718 

8732 1 

3 

4 6 

7 

9 

in 

1 1 

13 

61 

8746 

8760 

8774 

8788 

8802 

8816 1 ■ 

3 

4 6 

7 

8 

in 71 

12 

62 

8829 

8843 

8857 

8870 

8884 

8897 1 

3 

4 5 

7 

8 

9 

11 

12 

63 

8910 

8923 

8936 

8949 

8962 

8975 1 

3 

4 5 

6 

8 

9 

10 

12 

64 

8988 

9001 

9013 

9026 

9038 

9051 1 

3 

4 5 

6 

8 

9 

16 

11 

65 

9063 

9075 

9088 

8100 

9112 

9124 1 

2 

4 5 

6 

7 

8 

10 

11 

66 

9135 

9147 

9159 

9171 

9182 

9194 1 

2 

3 5 

6 

7 

8 

9 

10 

67 

9205 

9216 

9228 

9239 

9250 

9261 1 

2 

3 4 

6 

7 

8 

9 

10 

68 

9272 

9283 

9293 

9304 

9315 

9325 1 

2 

3 4 

5 

6 

7 

9 

10 

69 

9336 

9346 

9356 

9367 

9377 

9387 1 

2 

3 4 

5 

6 

7 

8 

9 

70 

9397 

9407 

9417 

9426 

9436 

9446 1 

2 

3 4 

5 

6 

7 

8 

9 

71 

9455 

9465 

9474 

9483 

9492 

9502 1 

2 

3 4 

5 

6 

6 

7 

8 

72 

9511 

9520 

9528 

9537 

9546 

9555 1 

2 

3 4 

4 

5 

6 

7 

8 

73 

9563 

9572 

9580 

9588 

9596 

9605 1 

2 

2 3 

4 

5 

6 

7 

7 

74 

9613 

9621 

9628 

9636 

9644 

9652 1 

2 

2 3 

4 

5 

5 

6 

7 

75 

9659 

9667 

9674 

9681 

9689 

9696 1 

1 

2 3 

4 

4 

5 

6 

7 

76 

9703 

9710 

9717 

9724 

9730 

9737 I 

1 

2 3 

3 

4 

5 

5 

6 

77 

9744 

9750 

9757 

9763 

9769 

9775 1 

1 

2 3 

3 

4 

4 

5 

6 

78 

9781 

9787 

9793 

9799 

9805 

9811 1 

1 

2 2 

3 

3 

4 

5 

5 

79 

9816 

9822 

9827 

9833 

9838 

9843 1 

1 

2 2 

3 

3 

4 

4 

5 

80 

9848 

9853 

9858 

9863 

9868 

9872 0 

1 

1 2 

2 

3 

3 

4 

4 

81 

9877 

9881 

9886 

9890 

9894 

9899 0 

1 

1 2 

2 

3 

3 

3 

4 

82 

9903 

9907 

9911 

9914 

9918 

9922 0 

1 

1 2 

2 

2 

3 

3 

3 

83 

9925 

9929 

9932 

9936 

9939 

9942 0 

1 

1 1 

2 

2 

3 

3 

3 

84 

9945 

9948 

9951 

9954 

9957 

9959 0 

1 

1 1 

1 

2 

2 

2 

2 

85 

9962 

9964 

9967 

9969 

9971 

9974 0 

0 

1 1 

1 

1 

2 

0 

2 

86 

9976 

9978 

9980 

9981 

9983 

9985 0 

0 

1 1 

1 

1 

1 

1 

2 

87 

9986 

9988 

9989 

9990 

9992 

9993 0 

0 

0 1 

1 

1 

1 

1 

1 

88 

9994 

9995 

9996 

9997 

9997 

9998 0 

0 

0 0 

0 

0 

1 

1 

1 

89 

9998 

9999 

9999 1 

.'0000 1*0000 1 

'0000 0 

0 

0 0 

0 

0 

0 

0 

0 


CO 
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Fouii PiGUKB Table of Natueal Cosines. 










KATUEAL C 

lOSINBS 










Deg. 

0' 

10' 

20' 

30' 

40' 

50' 

1 

2 

3 

4 

5 

6 

7 

8 

9 '1 

? 

0 

1-0000 

1-0000 

L-0000 

1-0000 

9999 

9999 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

9998 

9998 

9997 

9997 

9996 

9995 

0 

0 

0 

0 

0 

0 

0 

0 

0 ; 

2 

9994 

9993 

9992 

9990 

9989 

9988 

0 

0 

0 

0 

0 

0 

1 

1 

1 , ' ^ 

3 

9986 

9985 

9983 

9981 

9980 

9978 

0 

0 

1 

1 

1 

1 

1 

1 

1 

4 

9976 

9974 

9971 

9969 

9967 

9964 

0 

0 

1 

1 

1 

. 1 

1 

1 

2 . 

5 

9962 

9959 

0957 

9954 

9951 

9948 

0 

1 

1 

1 

1 

1 

■ 2 

2 

2 

6 

9945 

9942 

9939 

9936 

9932 

9929 

0 

1 

1 

1 

2 

2 

2 

2 

2 ■ 

7 

9925 

9922 

'9918 

' 9914 

9911 

9907 

0 

1 

1 

2 

2 

2 

3 

3 

3 ' ;■ 

8 

9903 

9899 

9894 

9890 

9886 

9881 

0 

1 

1 

2 

2 

2 

3 

3 

3 

0 

9877 

9872 

9868 

9863 

9858 

9853 

0 

1 

1 

2 

2 

3 

3 

3 

4 

10 

9848 

9843 

9838 

9833 

9827 

9822 

1 

1 

2 

2 

2 

3 

3 

4 


11 

9816 

9811 

9805 

9799 

9793 

9787 

1 

1 

2 

2 

3 

3 

4 

4 

5 . ■ 1 

12 

9781 

9775 

9769 

9763 

9757 

9750 

1 

1 

2 

2 

3 

3 

4 

5 

5 m 

13 

• 9744 

9737 

9730 

9724 

9717 

9710 

1 

1 

2 

3 

3 

4 

4 

5 

6 

14 

9703 

9690 

9689 

9681 

9674 

9667 

1 

1 

2 

3 

4 

4 

5 

5 

6 •. 

15 

9659 

9652 

9644 

9636 

9628 

9621 

] 

2 

2 

3 

4 

4 

5 

(5 

7 • i 

16 

9613 

9605 

9596' 

9588 

9580 

9572 

1 

2 

2 

3 

4 

5 

5 

6 

7 J 

17 

9563 

9555 

9546 

9537 

9528 

9520 

1 

2 

3 

3 

4 

6 

6 

7 

7 

18 

951] 

9502 

9492 

9483 

9474 

9465 

1 

2 

3 

4 

4 

5 

6 

7 

8 

19 

9455 

9446 

9436 

9426 

9417 

9407 

1 

2 

3 

4 

5 

6 

6 

7 

8 i 

20 

9397 

9387 

0377 

9367 

9356 

9346 

1 

2 

3 

4 

5 

6 

7 

8 

■9 

21 

9336 

9325 

9315 

9304 

9293 

9283 

1 

2 

3 

4 

5 

6 

7 

8- 

9 

22 

9272 

9261 

9250 

9239 

9228 

9216 

1 

2 

3 

4 

6 

6 

7. 

9 

10 

23 

9206 

9194 

9182 

9171 

9159 

9147 

1 

2 

3 

5 

6 

7 

8 

9 

10 

24 

9135 

9124 

9112 

9100 

9088 

9075 

1 

2 

4 

5 

6 

7 

8 

9 

10 

25 

9063 

9051 

9038 

9026 

9013 

9001 

1 

3 

4 

5 

6 

7 

8 

10 

11 

26 

8988 

8975 

8962 

8949 

8936 

8923 

1 

3 

4 

5 

6 

8 

9 

10 


27 

8910 

8897 

8884 

8870 

8857 

8843 

1 

3 

4 

5 

7 

8 

9 

10 

12 i 

28 

8829 

8816 

8802 

8788 

8774 

8760 

1 

3 

4 

6 

7 

8 

9 

11 

12 

29 

8746 

8732 

8718 

8704 

8689’ 

8675 

1 

3 

4 

6 

7 

8 

10 

11 

12 

30 

8660 

8646 

8631 

8616 

8601 

8587 

1 

3 

4 

6 

7 

9 

10 

11 


31 

8572 

8557 

8542 

8526 

8511 

8496 

2 

3 

5 

6 

8 

9 

10 

12 

13' ... J 

32 

8480 

8465 

8450 

8434 

8418 

8403 

2 

3 

5 

6 

8 

9 

11 

}2 

1^ "4 

1 33 

8387 

8371 

8355 

8339 

8323 

8307 

2 

3 

5 

6 

8 

9 

11 

12 

14 : 

34 

8290 

8274 

8258 

8241 

8225 

8208 

2 

3 

5 

7 

8 

10 

11 

13 

1^ 

35 

8102 

8175 

8158 

8141 

8124 

8107 

2 

3 

5 

7 

8 

10 

12 

13 

15 1 

36 

8090 

8073 

8056 

8039 

8021 

8004 

2 

3 

5 

7 

9 

10 

12 

14 

15 

I 37 

7986 

7969 

7951 

7934 

7916 

7898 

2 

4 

5 

7 

9 

10 

12 

U 

16 

38 

7880 

7862 

7844 

7826 

7808 

7790 

2 

4 

5 

7 

9 

11 

12 

14 

16 . ' 

39 

7771 

7753 

7735 

7716' 

7698 

7679 

2 

4 

0 

7 

9 

11 

13 

14 

16 

40 

7660 

7642 

7623 

7604 

7585 

7566 

2 

4 

6 

8 

9 

11 

13 

15 

17 

41 

7547 

7528 

7509 

7490 

7470 

7451 

2 

. 4 

6' 

8 

10 

11 

13 

15 

17 

42 

7431 

7412 

7392 

7373 

7353 

7333 

2 

4 

6 

8 

10 

12 

13 

15 

17 ‘J 

43 

7314 

7294 

7274 

7254 

7234 

7214 

2 

4 

6 

8 

10 

12 

14 

16 

18 1 

! 44 

7193 

7173 

7153 

7132 

7112 

7092 

2 

4 

6 

8 

10 

12 

14 

16 18 

1 


30 


UBWKUL .FORMUL/IC AND EQUATIONS 

TAHLK continued. 

NATURAL <'()H1NK!H. 


I 


45 

4(1 

4 7 

48 

49 

50 

51 

52 
59 

54 

55 
50 

57 

58 

59 

00 

01 

02 

09 

Ot 

05 
00 

07 

08 
(19 

70 

71 

72 
79 

74 

75 
70 

77 

78 

79 

80 
81 
82 
89 

84 

85 
80 

87 

88 
89 


0' 


7071 

0947 

0820 

0091 

0501 

0428 

fi299 

0157 

0018 

5878 

5790 

5592 

5440 

5299 

5150 

5000 

4848 

4095 

4540 

4984 

4220 

4()07 

9907 

9740 

9584 

9420 

9250 

9090 

2924 

2750 

2588 

2419 

2250 

2079 

1908 

1790 

1504 

1992 

1219 

1045 

0872 

0098 

0529 

0949 

0175 


10 ' 


7050 
0920 
0799 
0070 
0599 
0400 
027 1 
0194 
5905 
5854 
5712 
5508 
5422 
5275 
5125 

4975 

4829 

4009 

4514 

4958 

42()() 

4041 

9881 

9719 

9557 

9999 

9228 

9002 

2890 

2728 

2500 

2991 

2221 

2051 

1880 

1708 
1590 
1909 
I 1 90 
1010 

0849 

0009 

0494 

0920 

0145 


20 ' 


7090 
0905 
0777 
0048 
0517 
0989 
0248 
01 1 1 
5972 
5891 

5088 

5544 

5998 

5250 

5100 

4950 

4797 

4049 

4488 

4991 

4179 

4014 

9854 

9092 

9529 

9905 

9201 

9095 

2808 

2700 

2592 

2903 

2199 

2022 

1851 

1079 

1507 

1994 

1101 

0987 

0814 

0040 

0-105 

0291 

0110 


90' 

40' 

50' 

1 

2 

9 

4 

5 

0 

7 

8 

9 

7009 

0988 

0907 

2 

4 

0 

8 

10 

12 

15 

17 

19 

0884 

{(802 

084 1 

2 

4 

0* 

8 

a 

19 

15 

17 

19 

0750 

0794 

0719 

2 

4 

, 0 

9 

1 1 

19 

15 

17 

19 

0020 

0004 

0589 

2 

4 

7 

9 

n 

19 

15 

17 

19 

0494 

0472 

0450 

2 

4 

7 

9 

1 1 

19 

15 

17 

20 

0901 

0998 

0910 

2 

4 

7 

9 

) i 

19 

15 

18 

20 

0225 

0202 

01 SO 

2 

5 

7 

9 

1 1 

19 

10 

18 

20 

0088 

0005 

0041 

2 

5 

7 

9 

12 

14 

10 

18 

20 

5948 

5925 

5901 

2 

5 

7 

9 

12 

II 

10 

18 

21 

5807 

5789 

5700 

2 

5 

7 

9 

12 

14 

10 

H) 

21 

50,04 

5040 

5010 

2 

5 

7 

10 

12 

14 

17 

1 9 

21 

5519 

1 5495 

5471 

2 

5 

7 

10 

12 

14 

17 

19 

22 

5979 

5948 

5924 

2 

5 

7 

10 

12 

15 

17 

19 

22 

5225 

5200 

5175 

2 

5 

7 

10 

12 

15 

17 

20 

22 

5075 

5050 

5025 

9 

5 

8 

10 

19 

15 

17 

20 22 

4924 

4899 

4874 

9 

5 

8 

10 

19 

15 

18 

20 22 

4772 

4740 

4720 

9 

5 

8 

10 

19 

15 

18 

20 2:t 

4017 

4592 

4500 

9 

5 

■8 

10 

19 

15 

18 

20 22 

4402 

4490 

44 10 

9 

5 

8 

10 

19 

15 

18 

21 

29 

4905 

4279 

4259 

9 

5 

8 

11 

19 

10 

18 

21 

29 

4147 

4120 

4094 

9 

5 

8 

1 1 

19 

10 

18 

21 

24 

9987 

9901 

3994 

9 

5 

8 

11 

14 

10 

19 

21 

24 

9827 

9800 

9779 

9 

5 

8 

11 

14 

10 

19 

21 

24 

9005 

9098 

9011 

9 

5 

8 

11 

14 

10 

19 

21 

24 

3502 

9475 

9448 

9 

5 

8 

n 

14 

10 

19 

22 

24 

9998 

3911 

9289 

9 

5 

8 

11 

14 

10 

19 

22 

25 

9179 

9145 

9118 

9 

0 

8 

a 

14 

10 

19 

22 

25 

9007 

2979 

2952 

9 

0 

8 

11 

14 

17 

1 9 

22 

25 

2840 

2812 

2784 

9 

0 

8 

a 

14 

17 

19 

22 

25 

2072 

2044 

2010 

9 

0 

8 

a 

14 

17 

20 

22 

25 

2504 

2470 

2447 

9 

0 

8 

a 

14 

17 

20 

22 

25 

2994 

2900 

2278 

9 

0 

8 

a 

14 

17 

20 

29 

25 

2104 

2190 

2108 

9 

0 

9 

a 

14 

17 

20 

29 

25 

1994 

1905 

1997 

9 

0 

9 

a 

14 

17 

20 

29 

2(i 

1822 

1794 

1705 

9 

0 

9 

12 

14 

17 

20 

29 

2(( 

1 050 

1022 

1599 

9 

0 

9 

12 

14 

17 

20 

29 

20 

14 78 

1449 

1421 

9 

0 

9 

12 

14 

17 

20 

29 

20 

1905 

1270 

1248 

9 

0 

9 

12 

14 

17 

20 

29 

20 

1 192 

1 109 

1074 

9 

0 

9 

12 

14 

17 

20 

29 

20 

0958 

0929 

0901 

9 

0 

9 

12 

14 

17 

20 

29 

20 

0785 

0750 

0727 

9 

0 

9 

12 

15 

17 

20 

29 

20 

0010 

0581 

0552 

9 

0 

0 

12 

15 

17 

20 

29 

20 

0490 

0407 

0978 

9 

0 

0 

12 

15 

17 

20 

29 

20 

0202 

0299 

0204 

9 

0 

0 

12 

15 

17 

20 

29 

20 

0087 

0058 

0029 

9 

0 

0 

12 

15 

17 

20 

29 

2<i 


EADIO-TELEGRAPHY 



TABLE 5. 


Eoxjr Figtire Table of Natural Tangents. 


NATURAL TANGENTS. 


bi 

o 

p 

0' 

5' 

10' 

15' 

20' 

25' 

30' 

35' 

40' 

45' 

50' 

55' 

1 

2 

3 

4 

0° 

•0000 

0015 

0029 

0044 

0058 

0073 

0087 

0102 

0116 

0131 

0145 

0160 

3 

6 

9 

12 

1 

•0175 

0189 

0204 

0218 

0233 

0247 

0262 

027 6 

10291 

0306 

0320 

0335 

3 

6 

9 

12 

2 

•0349 

0364 

0378 

0393 

0407 

0422 

0437 

0451 

i0466 

0480 

0495 

0509 

3 

C 

9 

12 

3 

•0524 

0539 

0553 

0568 

0582 

0597 

0612 

0626 

0641 

0655 

0670 

0085 

3 

() 

9 

12 

4 

•0699 

0714 

0729 

0743 

0758 

0772 

0787 

0802 

0816 

0831 

0846 

0860 

3 

6 

9 

12 

5 

•0875 

0890 

0904 

0919 

0934 

0948 

0963 

0978 

0992 

1007 

1022 

1036 

3 

6 

9 

12 

6 

•1051 

1066 

1080 

1095 

1110 

1125 

1139 

1154 

1169 

1184 

1198 

1213 

3 

6 

9 

12 

7 

•1228 

1243 

1257 

1272 

1287 

1302 

1317 

1331 

1346 

1361 

1376 

1391 

3 

6 

9 

12 

8 

•1405 

1420 

1435 

1450 

1465 

1480 

1495 

1509 

1524 

1539 

1554 

1569 

3 

6 

9 

12 

9 

•1584 

1599 

1614 

1629 

1644 

1658 

1673 

1688 

1703 

1718 

1733 

1748 

3 

6 

9 

12 

10 

•1763 

1778 

1793 

1808 

1823 

1838 

1853 

1868 

1883 

1899 

1914 

1929 

3 

6 

9 

12 

11 

•1944 

1959 

1974 

1989 

2004 

2019 

2035 

2050 

2065 

2080 

2095 

2110 

3 

6 

9 

12 

12 

•2126 

2141 

2156 

2171 

2186 

2202 

2217 

2232 

2247 

2263 

2278 

2293 

3 

6 

9 

12 

13 

•2309 

2324 

2339 

2355 

2370 

2385 

2401 

2416 

2432 

2447 

2462 

2478 

3 

6 

9 

12 

14 

•2493 

2509 

2524 

2540 

2555 

2571 

2586 

2602 

2617 

2633 

2648 

2664 

3 

6 

9 

12 

15 

•2679 

2695 

2711 

2726 

2742 

2758 

2773 

2789 

2805 

2820 

2836 

2852 

3 

6 

9 

13 

16 

•2867 

2883 

2899 

2915 

2931 

2946 

2962 

2978 

2994 

3010 

3026 

3041 

3 

6 

9 

13 

17 

.•3057 

3073 

3089 

3106 

3121 

3137 

3153 

3169 

3185 

3201 

3217 

3233 

3 

6 

10 

13 

18 

•3249 

3265 

3281 

3298 

3314 

3330 

3346 

3362 

3378 

3395 

3411 

3427 

3 

6 

10 

13 

19 

•3443 

3460 

3476 

3492 

3508 

3525 

3541 

3558 

3574 

3590 

3607 

3623 

3 

6 

10 

13 

20 

•3640 

3656 

3673 

3689 

3706 

3722 

3739 

3755 

3772 

3789 

3805 

3822 

3 

7 

10 

13 

21 

•3839 

3855 

3872 

3889 

3906 

3922 

3939 

3956 

3973 

3990 

4006 

4023 

3 

7 

10 

13 

22 

•4040 

4057 

4074 

4091 

4108 

4125 

4142 

4159 

1 4176 

4193 

4210 

4228 

3 

7 

10 

14 

23 

•4245 

4262 

4279 

4296 

4314 

4331 

4348 

4365 

4383 

4400 

4417 

4435 

3 

7 

10 

14 

24 

•4452 

4470 

4487 

4505 

4522 

4540 

4557 

4575 

4592 

4610 

4628 

4645 

4 

7 

10 

14 

25 

•4663 

4681 

4699 

4716 

4734 

4752 

4770 

4788 

4806 

4823 

4841 

4859 

4 

7 

11 

14 

26 

•4877 

4895 

4913 

4931 

4950 

4968 

4986 

5004 

5022 

5040 

5059 

5077 

4 

7 

11 

15 

27 

•5095 

5114 

5132 

5150 

5169 

5187 

5206 

5224 

5243 

5261 

5280 

5298 

4 

7 

11 

15 

28 

•5317 

5336 

5354 

5373 

5392 

5411 

5430 

5448 

5467 

5486 

5505 

5524 

4 

8 

11 

15 

29 

•5543 

5562 

5580 

5600 

5619 

5639 

5658 

5677 

5696 

5715 

5735 

5754 

4 

8 

12 

15 

30 

•5774 

5793 

5812 

5832 

5851 

5871 

5890 

5910 

5930 

5949 

5969 

5989 

4 

8 

12 

16 

31 

•6009 

6028 

6048 

6068 

6088 

6108 

6128 

6148 

6168 

6188 

6208 

6228 

4 

8 

12 

16 

32 

•6249 

6269 

6289 

6310 

6330 

6350 

6371 

6391 

6412 

6432 

6453 

6473 

4 

8 

12 

16 

33 

•6494 

6515 

6536 

6556 

6577 

6598 

6609 

6640 

6661 

6682 

6703 

6724 

4 

8 

13 

17 

34 

•6745 

6766 

6787 

6809 

6830 

6851 

6873 

6894 

7916 

6937 

6959 

6980 

4 

9 

13 

17 

35 

•7002 

7024 

7046 

7067 

7089 

7111 

7133 

7155 

7177 

7199 

7221 

7243 

4 

9 

13 

18 

36 

•7265 

7288 

7310 

7332 

7355 

7377 

7400 

7422 

7445 

7467 

7490 

7513 

5 

9 

14 

18 

37 

•7536 

7558 

7580 

7604 

762.7 

7650 

7673 

7696 

7720 

7743 

7766 

7789 

5 

9 

14 

18 

38 

•7813 

7836 

7860 

7883 

7907 

7931 

7954 

7978 

8002 

8026 

8050 

8074 

5 

10 

14 

19 

39 

•8098 

8122 

8146 

8170 

8195 

8219 

8243 

8268 

8292 

8317 

8342 

8366 

5 

10 

15 

20 

40 

•8391 

8416 

8441 

8466 

8491 

8516 

8541 

8566 

8591 

8617 

8642 

8667 

5 

10 

15 

20 

41 

•8693 

8718 

8744 

8770 

8796 

8821 

8847 

8873 

8899 

8925 

8952 

8978 

5 

10 

16 

21 

42 

•9004 

9030 

9057 

9083 

9110 

9137 

9163 

9190 

8217 

9244 

9271 

9298 

5 

11 

16 

21 

43 

•9325 

9352 

9380 

9407 

9435 

9462 

9490 

9157 

9545 

9573 

9601 

9629 

6 

11 

17 

22 

44 

•9657 

9685 

9713 

9742 

9770 

9798 

9827 

9856 

9884 

9913 

9942 

9971 

6 

11 

17 

23 
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TABLE 5 — continued; 


ITATTJRAL TANGENTS. 


6C 

o 

p 

0' 

5' 

10' 

15' 

20' 

25' 

30' 

35' 

40' 

45' 

50' 

55' 

1 

2 

3 

4 

45° 

1-000 

0029 

0058 

0088 

0117 

0147 

0176 

0206 

0235 

0265 

0295 

0325 

6 

12 

18 

24 

46 

1-035 

0385 

0416 

0446 

0477 

0507 

0538 

0569 

0599 

0630 

0661 

0692 

6 

12 

18 

25 

47 

1-072 

0755 

0786 

0818 

0850 

0881 

0913 

0945 

0977 

1009 

1041 

1074 

6 

13 

19 

25 

48 

1-111 

1139 

1171 

1204 

1237 

1270 

1303 

1336 

1369 

1403 

1436 

1470 

7 

13 

20 

26 

49 

1-150 

1538 

1571 

1606 

1640 

1674 

1708 

1743 

1778 

-1812 

1847 

1882 

7 

14 

21 

28 

50 

1-192 

0953 

1988 

2024 

2059 

2095 

2131 

2167 

2203 

2239 

2276 

2312 

7 

14 

22 

29 

51 

1-235 

2386 

2423 

2460 

2497 

2534 

2572 

2609 

2647 

2685 

2723 

2761 

8 

15 

23 

30 

52 

1-280 

2838 

2876 

2915 

2954 

2993 

3032 

3072 

3111 

3151 

3190 

3230 

8 

16 

23 

31 

5^ 

1-327 

3311 

3351 

3392 

3432 

3473 

3514 

3555 

3597 

3638 

3680 

3722 

8 

16 

25 

33 

54 

1-376 

3806 

3848 

3891 

3934 

3976 

4019 

4063 

4106 

4150 

4193 

4237 

9 

17 

26 

34 

55 

1-428 

4326 

4370 

4415 

4460 

4505 

45^ 

4596 

4641 

4687 

4733 

4779 

9 

18 

27 

36 

56 

1-483 

4872 

4919 

4966 

5013 

5061 

5108 

5156 

5204 

5253 

5301 

5350 

10 

19 

29 

38 

57 

1-540 

5448 

5497 

5547 

5597 

5647 

5697 

5747 

5798 

5849 

5900 

5952 

10 

20 

30 

40 

58 

1-600 

6055 

6107 

6160 

6212 

6265 

6319 

6372 

6426 

6479 

6534 

6558 

11 

21 

32 

43 

59 

1-664 

6698 

6753 

6808 

6864 

6920 

6977 

7033 

7090 

7147 

7205 

7262 

11 

23 

34 

45 

60 

1-732 

7379 

7437 

7496 

7556 

7615 

7675 

7735 

7796 

7856 

7917 

7970 

12 

24 

36 

4S 

61 

1-804 

8103 

8165 

8228 

8291 

8354 

8418 

8482 

8546 

8611 

8676 

8741 

13 

26 

38 

51 

62 

1-881 

8873 

8940 

9007 

9074 

91*42 

9210 

9278 

^347 

9416 

9486 

9556 

14 

27 

41 

55 

63 

1-963 

9697 

9768 

9840 

9912 

9984 

0057 

0130 

0204 

0278 

0353 

0428 

15 

29 

44 

58 

64 

2-050 

0579 

0655 

0732 

0809 

0887 

0965 

1044 

1123 

1203 

1283 

1364 

16 

31 

47 

63 

65 

2-144 

1527 

1609 

1692 

1775 

1859 

1943 

2028 

2113 

2199 

2286 

2373 

17 

34 

51 

68 

66 

2-246 

2549 

2637 

2727 

2817 

2907 

2998 

3090 

3183 

3276 

3369 

3464 

18 

37 

55 

74 

67 

2-356 

3654 

3750 

3847 

3945 

4043 

4142 

4242 

4342 

4443 

4545 

4648 

20 

40 

60 

79 

68 

2-475 

4855 

4960 

5065 

5172 

5279 

5386 

5495 

5605 

5715 

5826 

5938 

22 

43 

65 

87 

69 

2-605 

6165 

6279 

6395 

6511 

6628 

6746 

6865 

6985 

7106 

7228 

7351 

24 

47 

71 

95 

70 

2-747 

2-760 

2-773 

2-785 

2-798 

2-811 

2-824 

2-837 

2-850 

2*864 

2-877 

2-891 

3 

5 

8 

10 

71 

2-904 

2-918 

2-932 

2-946 

2-960 

2-974 

2-989 

3-003 

3-018 

3-033 

3-047 

3-063 

3 

6 

9 

11 

72 

3-078 

3-093 

3-108 

3-124 

3-140 

3-156 

3*172 

3*188 

3-204 

3-221 

3*237 

3-254 

3 

6 

10 

13 

73 

3-271 

3-288 

3-305 

3-323 

3-340 

3-358 

3-376 

3*394 

3-412 

3-431 

3-450 

3-468 

4 

7 

11 

14 

74 

3-487 

3-507 

3-526 

3-546 

3-566 

3-586 

3-606 

3-626 

3-647 

3-668 

3-689 

3-710 

4 

8 

12 

16 

75 

3-732 

3-754 

3-776 

3-789 

3-821 

3-844 

3-367 

3-890 

3-914 

3-938 

3-962 

3-980 

5 

9 

14 

19 

76 

4-011 

4-036 

4-061 

4-087 

4-113 

4-139 

4-165 

4-192 

4-219 

4-247 

4-275 

4-303 

5 

11 

16 

21 

77 

4-331 

4-360 

4-390 

4-419 

4-449 

4-480 

4-511 

4-542 

4-574 

4-606 

4-638 

4*671 

6 

12 

19 

25 

78 

4-705 

4-739 

4-773 

4-808 

4-843 

4-879 

4-915 

4-952 

4-989 

5-027 

5-066 

5-105 

7 

15 

22 

29 

79 

‘ 5-145 

5-185 

5-226 

5-267 

5-309 

5-352 

5-396 

5-440 

5-485 

5-530 

5-576 

5-623 

9 

17 

26 

35 

80 

5-671 

5-720 

5-769 

5-820 

5-871 

5-923 

5-976 

6-030 

6-084 

6-140 

6-197 

6-255 





81 

6-314 

6-374 

6-435 

6-497 

6-561 

6-625 

6-691 

6-758 

6-827 

6-897 

6-968 

7-041 





82 

7-115 

7-191 

7-269 

7-348 

7-429 

7-511 

7-596 

7-682 

7-770 

7-861 

7-953 

8-048 





83 

8-144 

8-243 

8-345 

8-449 

8-556 

8-665 

8-777 

8-892 

9-010 

9-131 

9-255 

9-383 





84 

9-514 

9-649 

9-788 

9-931 

10-08 

10-23 

10-39 

10-55 

10-71 

10-88 

11-06 

11-24 

Difference 






1 








columns 


85 

11-43 

11-62 

11-83 

12-03 

12-25 

12-47 

12-71 

12-95 

13-20 

13-46 

13-73 

14-01 

cease to be 

86 

14-30- 

14-61 

14-92 

15-26 

15-60 

15-97 

16-35 

16-75 

17-17 

17-61 

18-07 

18-56 


useful. 


87 

19-08 

19-63 

20-21 

20-82 

21-47 

22-16 

22-90 

23-69 

24-54 

25-45 

26-43 

27-49 





88 

28-64 

29-88 

31-24 

32-73 

34-37 

36-18 

38-19 

40-44 

42-96 

45-83 

49*10 

52-88 





89 

57-29 

62-50 

68-75 

76-39 

85-94 

98-22 

114-6 

137-5 

171-9 

229-2 

343-8 

687-5 







(Calculated by the author from Log. Ha vs. in Inman’s Xautieal Tables.) 

-This table goes up tn 1^®, which is more than sufficient for all geographical calculations in connection with wireless 
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TABLE 9. 

Table of Function Q for Use in Lorenz’s Equation A = an^Q cm. 

( Paragraph 7 ). 

Data takea from Table IV., Vol. VIII., No. 1, of Bull. Bureau of Stc^ndards, with 
interpolations by the author. Values of and Q are given over a range for 


which the formula gives accurate results. 


2 a 
b 

Q 

2a 

b 

Q 

2a 

b 

Q 

2a 

b 

Q 

0-20 

3*632 

0*90 

12*631 

1*60 

18-304 

2*30 

22*324 

0-21 

3*797 

0*91 

12*7 29 

1*61 

18*373 

2*31 

22*374 

0-22 

3*961 

0*92 

12*828 

1*62 

18*442 

2*32 

22*423 

0*23 

4*125 

0*93 

12*924 

1*63 

18*501 

2*33 

22*473 

0-24 

4*289 

0*94 

13*021 

1*64 

18*578 

2*34 

2 * f > 2 2 

0-25 

4*452 

0*95 

13*116 

1*65 

18-645 

2*35 

22*571 

0-26 

4*614 

0*96 

13*212 

1*66 

18*711 

2*36 

22*620 

0-27 

4*77 3 

0*97 

13*306 

1*67 

18*777 

2*37 

22 * 669 . 

0-28 

4*929 

0*98 

13*401 

1*68 

18*842 

2*38 

22*718 

0*29 

5*082 

0*99 

13*495 

1*69 

18-906 

2*39 

22*767 

0-30 

5*234 

1*00 

13*589 

1*70 

18*969 

2*40 

22*816 

0-31 

5*385 

1*01 

13*682 

1*71 

19*032 

2*41 

22*863 

0-32 

5*535 

1*02 

13*775 

1*72 

19*094 

2*42 

22*911 

0-33 

5-684 

1*03 

13*877 

1*73 

19*156 

2*43 

22*958 

0-34 

5*832 

1*04 

13*959 

1*74 

19*218 

2*44 

23*006 

0*35 

5*980 

1*05 

14*049 

1*75 

19*279 

2-45 

23*053 

0-36 

6*127 

1*06 

14*140 

1*76 

19*339 

2*46 

23*101 

0-37 

6*274 

1*07 

14*230 

1*77 

19*399 

2*47 

23*148 

0-38 

6*420 

1*08 

14*319 

1*78 

19*459 

2*48 

23*195 

0-39 

6*564 

1*09 

14*407 

1*79 

19*519 

2*49 

23*242 

0-40 

6*710 

1*10 

14*496 

1*80 

19*579 

2*50 

23*288 

0-41 

6*852 

1*11 

14*583 

1*81 

19*639 

2*51 

23*335 

0*42 

6*995 

1*12 

14*671 

1*82 

19*699 

2-52 

23*380 

0-43 

7*135 

1*13 

14*757 

1*83 

19*758 

2*53 

23*426 

0-44 

7*273 

1*14 

14*843 

1*84 

19*818 

2*54 

23*471 

0-45 

7*409 

1*15 

14*927 

1*85 

19*877 

2*55 

23*516 

0-46 

7*544 

1*16 

15*012 

1*86 

i 19*936 

2*56 

2 3 *5 6 1 

0-47 

7*678 

1*17 

15*094 

1*87 

19*995 

2*57 

23*606 

0-48 

7*811 

1*18 

15*177 

1*88 
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2*58 

23*651 

0*49 

7*943 

1*19 

15*258 

1*89 

20*113 

2*59 

23*696 

0-50 

8*075 

1*20 

15*338 

1*90 

20*174 

2*60 

23*740 

0-51 

8*205 

1*21 

15*418 

1*91 

20*233 

2*61 

23*784 

0-52 

8*335 

1*22 

15*498 

1*92 

20*289 

2*62 

23*828 

0-53 

8*464 

1*23 

15*578 

1*93 

20*347 

2*63 

23'872 

0*54 

8*593 

1*24 

15*657 

1*94 

20*405 

2*64 

23*916 

0-55 

8*721 

1*25 

15*736 

1*95 

20*463 

2*65 

23*960 

0 - 5 () 

8*848 ! 

1*26 

15*815 

1*96 

20*520 

2*66 

24*004 

0-57 

8*974 

1*27 

15*894 

1*97 

20*577 

2*67 

24*048 

0*58 

9*098 

1*28 

15*972 

1*98 

20*634 

2*68 

24*091 

0-59 

9*219 

1*29 

16*050 

1*99 

20*690 

2*69 

24*135 

0-60 

9*339 

1*30 

16*128 

2*00 

20*746 

2*70 

24*178 

0-61 

9*460 

1*31 

16*205 

2*01 

20*802 

2*71 

24*221 

0-62 

9*581 

1*32 

16*283 

2*02 

20*858 

2*72 

24*265 

0-63 

9*701 

1*33 

16*360 

2*03 

20*914 

2*73 

24*308 

0-64 

9*820 

1*34 

16*437 

2*04 

20*969 

2*74 

24*351 

0-65 

9*938 

1*35 

16*514 

2*05 

21*024 

2-75 

24*3 93 

0*66 

10*056 

1*36 

16*591 

2*06 

21*079 

2*76 

24*436 

0-67 

10*173 

1*37 

16*668 

2*07 

21*134 

2*77 

24*478 

0-68 

10-289 

1*38 

16*745 

2*08 

21*189 

2*78 

2 4 *5 2 1 

0-69 

10*403 

1*39 

16*821 

2*09 

21*243 

2*79 

24*563 

0-70 

10*514 

1*40 

16*898 

2*10 

21*298 

2*80 

24*605 

0*71 

10*625 

1*41 

16*973 

2*11 

21*352 

2*81 

24*647 

0*72 

10*736 

1*42 

17*048 

2*12 

21*405 

2*82 

24*689 

0-73 

10*846 

1*43 

17*122 

1 2*13 

21*457 

2*83 

24*731 

0-74 

10*956 

1*44 

17*196 

1 2*14 

21*510 

I 2*84 

24*772 

0-75 

11*065 

1*45 

17*269 

2-15 

21*562 

2*85 

24*813 

0*76 

11*175 

1*46 

17*342 

2*16 

21*614 

2*86 

24*854 

0-77 

11*284 

1*47 

17-414 

2*17 

21*666 

2*87 

24*895 

0*78 

11*393 

1*48 

17*485 

2-18 

21*718 

2*88 

24*936 

0-79 

11*503 

1*49 

17*555 

2*19 

21*769 

2*89 

24*976 

0-80 

11*608 

1*50 

17*624 

2*20 

21*820 

2*90 

25*017 

0-81 

11*712 

1*51 

17*693 

2-21 

21*871 

2*91 

25*057 

0*82 

11*816 

1*52 

17*761 

2*22 

21*922 

2*92 

25*098 

0-83 

0-84 

0-85 

11*919 

12*023 

12*126 

1*53 

1*54 

1*55 

17*829 

17*897 

17*965 

2*23 

2*24 

2*25 

21*973 

22*023 

22*074 

2*93 

2*94 

2*95 

25*138 

25*179 

25*219 

0-86 

12*229 

1*56 

18*033 

2*26 

22-124 

2-96 

25 *259 

0*87 

0*88 

0-89 

12*331 

12*433 

12*532 

1*57 

1*58 

1*59 

18*101 

18*169 

18*237 

2*27 

2*28 

2*29 

22*174 

22*224 

22*274 

2*97 

2*98 

2*99 

3*00 

25*298 

25-338 

25*372 

25*416 
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TABLE 10. 

TaBM OE FtTN-OTION X FOR USM IN 'RAYLFiait’S EQUATION Lg — 4:Tran^X CMS. 
(Paiuorawc 7) wtiUBH X = |^%, — ^'1- j + 0-25^ J . 

I Table compiled by the aiitlior, for ^ over a range winch the formula gives 

acourat(^ roaiilts. 









TABLES 11 AND 12. 

Table of Correction Functions A and B for Use in Correction Formula. 
AL = 4 /Kan (A + B) (Pabaqraph 7). 

Table of A from Table VII., Vol. VIII., No. 1, Bull, Bureau of Standards, with 
additions by the author. 

Table of B from Table VIII., Vol. VIII., No. 1, Bull. Bureau of Standards, with 
additions by the author. 

TABLE 11. — Corrections for Insulation. 
d/ d 

Note. — For over 0-58 A is po.sitive. For ^ less than 0*57 A is negative. 


d 

D 

A 

d 

D 

A 

d 

1 > 

A 

d 

D 

A 

1-00 

+ 0 * 55(58 

0*75 

0*2691 

0*50 

0*1363 

0*25 

0*8294 

0-99 

0*5470 

0*74 

0*2556 

0*49 

0*1558 

0*24 

0*8699 

0-98 

0*5370 

0*73 

0*2419 

0*48 

0*1758 

0-23 

0*9121 

0-97 

0*5268 

0-72 

0*2282 

0*47 

0*1966 

0*22 

0*9566 

0-96 

0*5163 

0*71 

0*2143 

0*46 

0*2183 

0*21 

1-0035 

0-95 

0*5055 

0-70 

0*2001 

0*45 

0*2406 

0*20 

1-0526 

0-94 

0.4947 

0*69 

0*1857 

0*44 

0*2632 

0*19 

1-1046 

0-93 

0*4839 

0*68 

0*1710 

0*43 

0*2864 

0*18 

1-1601 

0-92 

0*4731 

0*67 

0 * 1*560 

0*42 

0*3102 

0*17 

1*2179 

0-91 

0*4623 

0*66 

0*1410 

0*41 

0*3347 

0*16 

1*2777 

0-90 

0*4515 

0*65 

0*1261 

0*40 

0*3594 

0*15 

1*3402 

0-89 

0*4404 

0*(54 

0*1105 

0*39 

0*3846 

0*14 

1*4082 

0-88 

0*4292 

0*63 

0*0947 

0*38 

0*4106 

0*13 

1*4822 

0-87 

0*4178 

0*62 

0*0787 

0*37 

0*4374 

0*12 

1*5627 

()-86 

0*4063 

0*61 

0*0625 

0*36 

0*4647 

0*11 

1*6510 

0-85 

0*3945 

0*60 

+ 0*0460 

0*35 

0*4929 

0*10 

1*7451 

0-84 

0*3826 

0*59 

+ 0*0293 

0*34 

0*5219 

0*09 

1*8470 

0-83 

()* 37()6 

0*58 

+ 0*0123 

0*33 

0*5521 

0*08 

1*9642 

0-82 

0*3585 

0*57 

- 0*0048 

0*32 

0*5831 

0*07 

2*0971 

0*81 

0*3463 

0*56 

- 0*0226 

0*31 

0*6148 

0*06 

2*2550 

0-80 

0*3337 

0*55 

0*0410 

0*30 

0*6471 

0*05 

2*4389 

0-79 

0*3210 

0*54 

0*0597 

0*29 

0*6806 

0*04 

2*6952 

0-78 

0*3082 

0*53 

0*0787 

•, 0*28 

0*7154 

0*03 

3*0250 

0-77 

0*2954 

0*52 

0*0980 

0*27 

0*7519 

0*02 

3*4620 

0 * 7(5 

0*2824 

0*51 

0*1173 

0*26 

0*7896 

0*01 

4*0483 


TABLE 12. — CoRREOTioNS for the Number op Turns. 


Note. — ^A ll positive. 


1 

2 

3 

4 

5 
() 

7 

8 
<) 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


B 

n 

B 

n 

B 

n 

B 

0*0000 

31 

0*3091 

61 

0*3219 

91 

0*3271 

0*1137 

32 

0*3099 

62 

0*3222 

92 1 

0*3272 

0 * 1(363 

33 

0*3106 

63 

0*3224 

93 ' 

0*3273 

0*1973 

34 

0*3113 

64 

0*3227 

94 

0*3274 

0*2180 

35 

0*3119 

65 

0*3229 

195 

0*3275 

0 * 2.329 

36 

0*3125 

66 

0*3231 

196 

0*3276 

()*2443 

37 

0*3131 

67 

0*3233 

97 

0*3277 

0*2532 

38 

0*3137 

68 

0*3235 

98 

0*3278 

0*2604 

39 

0*3143 

69 

0*3237 

99 

0*3279 

0*2664 

40 

0*3148 

70 

0*3239 

100 

0*3280 

0*2710 

41 

0*3153 

71 

0*3241 

105 

0*3284 

0*2753 

42 

0*3157 

72 

0*3243 

110 

0 *3288 

0*2791 

43 

0*3161 

73 

0*3245 

115 

0*3292 

0*2826 

44 

0*3165 

74 

0*3247 

120 

0*3295 

0*2857 

45 

0*3169 

75 

0*3249 

130 

0*3301 

0*2885 

46 

0*3173 

76 

0*3251 

140 

0*3307 

0*2910 

47 

0*3177 

77 

0*3252 

150 

0*3311 

0*2933 

48 

0*3180 

78 

0*3253 

160 

0 *33 1 5 

0*2955 

49 

0*3183 

79 

0*3255 

170 

0-3319 

0*2974 

50 

0*3186 

80 

0*3257 

ll 80 

0*3323 

0*2990 

51 

0*3189 

81 

0*3259 

190 

0*3326 

0*3005 

52 

0*3192 

82 

0*3261 

200 

0*3328 

0*3020 

53 

0-3195 

83 

0*3263 

250 

0*3336 

0*3031 

54 

0*3198 

84 

0*3264 

300 

0 *3343 

0*3042 

55 

0*3201 

85 

0*3265 

400 

0*3351 

0*3053 

56 

0-3204 

86 

0*3266 

500 

0*3356 

0*3062 

57 

0*3207 

87 

0-3267 

600 

0*3359 

0*3070 

58 

0*3210 

88 

0*3268 

700 

0*3361 

0*3077 

59 

0*3213 

89 

0*3269 

800 

0*3363 

0-3083 

' 60 

0*3216 

90 

0*3270 

900 

1000 

0*3364 

0*3365 
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TAHhK l:i 

Taui;.!!: ok Cowstanth kor Stiskan’s FoRMirrA kor “Pancark” or Torotdai:; 

(lOTRS. 


'Tiihlo VI. in Bull. Bureau of Btandardts , Wash. 


'' - ; 

0 b 

y/i 

!h 

1) e 

or , 
c. b 

Vi 

•.V2 

000 

0-50000 

0-1250 

0-55 

0-80815 

0-3437 

0-05 

0-54899 

0-1269 

0-60 

0-81823 

0-3839 

0-10 

0-59243 

0-1325 

0-65 

0-82648 

0 4274 

0-15 

0-(>3102 

0-1418 

0-70 

0-83311 

0-4739 

0-20 

0-()G520 

0-1548 

0 75 

0-83831 

0-5234 

0-25 

0-69532 

0-1714 

0-80 

0-84225 

0-5760 

0-30 

0-72172 

0-1916 

0-85 

0-84509 

0-6317 

0-30 

0 74469 

0-2152 

0-90 

0-84697 

0-6902 

0-40 

0-76454 

0-2423 

0-95 

0-84801 

0-7518 

0-45 

0-78154 

0-2728 

1-00 

0 84834 

08162 

0-50 

0-79000 

0-3066 





.Data for thin 'arable* obiairKul from outlim^ liguroH given by Ro.sa, p. 141 ,Vol. VII 1., 
No. 1, of Bull. Bureau of JStandardu^ with inlx^rpolatiouH by tbo author. 
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0-01302 

5 

0 01105 

14 i 

0 01323 

() 

0-01160 

1() 

0-01339 

7 

0 01203 

18 

0-01349 

8 

0-01236 

20 

0-01357 



00 

i 

0-01806 




Table of Function y foe use in Mutual Inductance Foemula 

(Paeageaph 8). 

Table due to W. H. Nottage, B.Sc., Wireless World, 1915, p. 526. 


3 

n 

1 

7 - 

n 

7 - 

0-01 

50-3 

0-28 

9-58 

0-02 

41-5 

0-30 

8-84 ■ 

0 03 

36-3 

0-34 

7-56 

0-04 

32-8 

0-38 

6-46 

005 

30-0 

0-40 

5-97 

0-06 

27-7 

0-45 

4-89 

0-07 

25-8 

0-50 

3-97 

0-08 

24-2 

0-55 

3-19 

0 09 

22-8 

0-60 

2-53 

OTO 

21-5 

065 

1-96 

0-12 

19-3 

0-70 

1-48 

0T4 

17-4 

0-75 

1-075 

016 

15-9 

0-80 

0-735 

0T8 

14-5 

0-85 

0-456 

0-20 

13-3 

0-90 

0-239 

0-22 

12-2 

0-95 

0-082 

0 24 

11-2 

1-00 

0-000 

0-26 

10-4 

— 
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TABLE 15 a.— SINGLE STRAND CONDUCTORS. 
CoprER Annealed. E.S.O. Standard. 

By kind poriiiission of Messrs. The London Electric Wire Co., Ltd. 


Size. 

Diameter. 

Sectional 

area. 

Woi^?ht. 

Resistance 
at 6 O'* F. 

Current 

rating. 

S.VV.G. 

Inch. 

M/m. 

Square 

inch. 


Pounds. 

Standard ohms. 

Amperes @ 

iti/m. 

Per 1,000 
yards. 

Per 

mile. 

Per 

1,000 

yards. 

Per 

mile. 

1,000 
per sq. 
inch. 

I.E.E. 

50 

•0010 

•02539 

•0000007854 

•0005067 

•009081 

*01598 

30609 

53872 

•0007 

CO 

49 

*0012 

•03048 

-000001131 

•0007296 

•01308 

*02302 

21256 

37411 

•0011 


48 

•0016 

•04064 

•000002011 

•0012972 

•02325 

*04092 

11957 

21044 

•0020 

3 £ 

47 

•0020 

•0508 

•0000031 

•002027 

•03632 

•06393 

7652 

13468 

•0031 

fl 0 

46 

•0024 

•0610 

•0000045 

•002919 

•05231 

*09206 

5314 

9353 

•0 045 


45 

•0028 

•0711 

•0000062 

•003973 

•07120 

•1253 

3904 

6871 

*0062 


44 

•0032 

•0813 

•0000080 

•005188 

•09299 

•1637 

2989 

5261 

•0080 


43 

•0036 

•0914 

•0000102 

•006567 

•1177 

•2071 

2362 

4157 

•0102 

■ S 3 

42 

•0040 

•1016. 

•0000126 

•008109 

•1453 

•2557 

1913 

3367 

•0126 


41 

•0044 

•1118 

•0000152 

•009810 

•1758 

•3094 

1581 

2783 

*0152 

no 

40 

•0048 

•1219 

•0000181 

•011674 

•2092 

•3682 

1329 

2338 

•0181 


39 

•0052 

•1321 

•0000212 

•0137 01 

•2456 

•4322 

1132 

1992 

•0212 


38 

•0060 

•1524 

•0000283 

•018241 

•3269 

•5754 

850*3 

1496 

*0283 

0 0 

37 

•0068 

•1727 

•0000363 

•023430 

•4199 

•7390 

662*0 

1165 

*0303 


36 

•0076 

•1930 

•0000454 

•029267 

•5245 

•9232 

529*9 

932-7 

•0454 

Ti.O 

35 

•0084 

•2134 

-0000554 

•035752 

•6408 

1-128 

433*8 

763-5 

•0554 

©*4J 

34 

•0092 

•2337 

•0000665 

•042887 

•7686 

1*353 

301*6 

636*5 

*0665 


33 

•0190 

•2539 

•0000785 

•050670 

•9081 

1*598 

306*1 

538*7 

•0785 


32 

•0108 

•2743 

•0000916 

•059102 

1-059 

1*864 

262*4 

461*9 

•0916 


31 

•0116 

•2946 

•0001057 

•068181 

1-222 

2*151 

227*5 

400*4 

•1057 


30 

•0124 

•3149 

•0001208 

•077910 

1-396 

2*458 

199*1 

350*4 

•1208 


29 

•0136 

•3454 

•0001453 

•093722 

1*680 

2*956 

106*5 

291*3 

•1453 


28 

•0148 

•3759 

•0001720 

•11099 

1*989 

3*501 

139*7 

245*9 

•1720 


27 

•0164 

•4166 

•0002112 

1 -13628 

2*442 

4*299 

113*8 

200*3 

•2112 


26 

•018 

•457 2 

•0002545 

•1642 

2*942 

5*178 

94*47 

166*3 

•2545 

•ao 

25 

•020 

•5080 

•0003142 

•2027 

3*632 

6*393 

76*52 

134*7 

•3142 

Si 

24 

•022 

•5588 

•0003801 

•2453 

4*395 

7*736 

63*24 

111*3 

•3801 

E*h 

23 

•024 

•6096 

•0004524 

•2919 

5*231 

9*206 

53*14 

93*53 

•452 


22 

•028 

•7112 

•0006158 

-3973 

7*120 

12*53 

39*04 

68*71 

*616 

2*5 

21 

•032 

•8128 

•0008042 

•5188 

9*299 

16*37 

29*89 

52*61 

•804 

3*3 

20 

•036 

•9144 

•001018 

-6567 

11*77 

20*71 

2 3 *6 2' 

41*57 

1*018 

4*0 

19 

•040 

1-016 

•001257 

•8109 

14*53 

25*57 

19*13 

33*67 

1*257 

5*3 

18 

•048 

1-219 

•001810 

1-168 

20*92 

36*82 

13*29 

23*38 

1*810 

7*2 

17 

•056 

1*422 

•002463 

1-589 

28*48 

50*12 

9-761 

17*18 

2*463 

9-8 

16 

•064 

1-62G 

•003217 

2-075 

37*20 

65*47 

7*473 

13*15 

3*217 

12*9 

15 

•072 

1-829 

•004072 

2-276 

47*08 

82*86 

5*905 

10*39 

4*072 

16*3 

14 

•080 

2-032 

•005027 

3-243 

58*12 

102*3 

4-783 

8 *418 

5*027 

19 

13 

•092 

2-337 

•006648 

4-289 

76*86 

135*3 

3*616 

6*365 

6*648 

23 

12 

•104 

2-642 

•008495 

5-480 

98*22 

172*9 

2*830 

4*981 

8*495 

28 

11 

•116 

2-946 

•01057 

6*819 

122-2 

215*1 

2*275 

4*004 

10*57 

32 

10 

•128 

3-251 

•01287 

8-304 

148-8 

261-9 

1*868 

3*288 

12*87 

35 

9 

•144 

3-658 

•01629 

10-51 

188-3 

331-4 

1*476 

2*598 

16*29 

38 

8 

•160 

4-064 

•02011 

12-97 

232-5 

409-2 

1*196 

2*104 

20*11 

44 

7 

•176 

4-470 

•02433 

15-70 

281-3 

495-1 

•9882 

1*739 

24*33 

48 

6 

•192 

4-877 

•02895 

18-68 

334-8 

589*2 

•8303 

1*461 

28*95 

53 

5 

•21 2 

5-385 

•03530 

22-77 

408-1 

718-3 

•6810 

1*199 

35*30 

60 

4 

•232 

5-893 

•04227 

27-27 

488-8 

860*3 

•5687 

1*001 

42*27 

65 

3 

•252 

6-401 

•04988 

32-18 

576-7 

1015 

•4820 

•8483 

49*88 

74 

2 

•276 

7-010 

•05983 

38-60 

691-8 

1218 

•4018 

•7072 

59*83 

83 

1 

•300 

7-620 

•07069 

45-60 

817-3 

1438 

•3401 

•5986 

70*69 

9 2 

1/0 

•324 

8-230 

•08245 

53-19 

953-3 

1678 

•2916 

•5132 

82*45 

102 

2/0 

•348 

8-839 

•0951 

61-36 

1100 

1936 

•2528 

•4448 

95*11 

114 

3/0 

•372 

9-449 

•1087 

70-13 

1257 

2212 

•2212 

•3893 

108*7 

123 

4/0 

•400 

10-16 

•1257 

81-09 

1453 

2557 

•1913 

•3367 

125*7 

135 

5 /O 

•432 

10-97 

•1466 

94-56 

1695 

2983 

•1640 

•2887 

146 

150 

6 /O 

•464 

11-79 

•1691 

109-1 

1955 

3441 

-1422 

•2502 

169 

165 

7/0 

•500 

12-70 

•1963 

126-6 

2270 

3996 

•1224 

•2155 

196 

178 


USEFUL FOEMUL^ AND EQUATIONS # 

TABLE 16. 

“ Eureka Resistance Wire. 


By kind permission of Messrs. The London Electric Wire Co., Ltd. 


An Alloy, manufactured especially to give High Resistance with a Temperature Coefficient 

practically Nil. 


Size. 

Diameter. 

Sectional 

area. 

Weight. 

Resistance 
at 60® F. 

Current 

rating. 

s. 

w. 

G. 

Inch. 

M/m. 

Square 

inch. 

Square 

m/m. 

Rounds. 

Standard ohms. 

Amperes @ 

Per 1000 
yards. 

Per mile. 

Per 1000 
yards. 

Per mile. 

1000 
per sq. 
inch. 

I.E.E. 

44 

•0032 

•0813 

•0000080 

■005188 

•0930 

•1637 

83664 

147336 

** Eureka ” 

43 

•0036 

•0914 

•0000102 

•006567 

•1177 

•2072 

66136 

116396 

was the first 

42 

•0040 

•1016 

•0000126 

•008109 

•1453 

•2558 

53564 

94276 

Cupro Nickel 

41 

'•0044 

•1118 

•0000152 

•009810 

•1758 

♦3093 

44268 

77924 

Alloy put on 

40 

•0048 

•1219 

•0000181 

•011674 

•2093 

•3683 

37184 

65464 


39 

•0052 

•1321 

•0000212 

•01370! 

•2451 

•4314 

31696 

55776 

with great care 

38 

•0060 

•1524 

•0000283 

•018241 

•3272 

•5759 

23808 

41916 

to secure a 

37 

•0068 

•1727 

•0000363 

•023430 

•4197 

•7387 

18536 

32620 

non-corrodihlc 

36 

•0076 

•1930 

•0000454 

•029267 

•5249 

•9239 

14840 

26118 

and stable 

35 

•0084 

•2134 

•0000554 

-•035752 

•6406 

1-127 

12149 

21381 

Alloy. 

34 

•0092 

•2337 

•0000665 

•042887 

•7688 

1-353 

10128 

17825 



33 

•0100 

' -2540 

•0000785 

•050670 

•9085 

r-598 

8571 

15086 



32 

•0108 

•2743 

•0000916 

•059102 

1-059 

1-863 

7350 

12933 

For vrell ventilated 

31 

•0116 

•2946 

•000106 

•068181 

1-222 

2151 

6370 

11211 

open spirals of 

30 

•0124 

•3149 

•000121 

•077910 

1-399 

2-462 

5575 

9811 

‘-Eureka ” Wire 
the figures given 

29 

•0136 

•3454 

•000145 

•093722 

1*676 

2-950 

4634 

8156 

belo-w will be found 

28 

•0148 

•3759 

•000172 

•11099 

1-989 

3-500 

3914 

6888 

approximately 

27 

•0164 

•4166 

•000211 

•13628 

2-440 

4-294 

3186 

5608 



26 

•018 

•4572 

•000254 

•1642 

2-942 

5-180 

2645 

4656 

Rise in 

25 

•020 

•5080 

•000314 

•2027 

3-633 

6-395 

2142 

3771 

temperature. 

24 

•022 

•5588 

•000380 

•2453 

4-392 

7-730 

1770 

3116 

100®F.200®F. 

23 

•024 

•6096 

•000452 

•2919 

5-233 

9-210 

1487 

2618 

Amps. 

Amps. 

22 

•028 

•7112 

•000616 

•3973 

7-120 

12-53 

1093 

1924 

1-09 

X *9 

21 

•032 

•8128 

•000804 

•5118 

9*301 

16-37 

837-2 

1473 

1-3 

2-3 

20 

•036 

•9144 

•001018 

•6567 

11-77 

20-72 

661-3 

. 1164 

1-6 

2-8 

19 

•040 

1-016 

•001257 

•8109 

14-53 

25-58 

535-6 

942-7 

1-85 

3*2 

18 

•048 

1-219 

•001810 

1-168 

20-93 

36-83 

371-8 

654-6 

2-4 

4-3 

17 

•056 

1-422 

•002463 

1-589 

28-48 

50-12 

273-3 

481-1 

3-0 

5-2 

16 

•064 

1-626 

•003217 

2-075 

37-20 

65-47 

209-4 

368-5 

3-7 

6-6 

15 

•072 

1-829 

•004072 

2-627 

47-09 

82-87 

165-3 

290-9 

4-5 

7-75 

14 

•080 

2-032 

•005027 

3-243 

58-13 

102-3 

133-9 

235-7 

5-25 

9-25 

13 

•092 

2-337 

•006648 

4-289 

76*88 

135-3 

101-3 

178-3 

6 *5 

11-25 

12 

•104 

2-642 

•008495 

5-480 

98-24 

172-9 

79-3 

139-5 

7-75 

13-7 5 

11 

•116 

2-946 

•01057 

6-819 

122-2 

215-1 

63-7 

112-1 

9-25 

15-75 

10 

•128 

3-251 

•01287 

8-303 

148-8 

261-9 

52'3 

92-0 

10-6 


9 

•144 

3-658 

•01629 

10-51 

188-4 

331-5 

41-3 

72-7 

12-7 


8 

•160 

4-064 

•02011 

12-97 

232-5 

409-2 

33-5 

58-9 

14-8 

26 

7 

•176 

4-470 

•02433 

15-70 

281-3 

495 1 

27-7 

48’7 

17 *0 



•192 

4-877 

•02895 

18-68 

334-7 

589-1 

23-3 

40*9 

19*5 



r 

E 


R.T. 


50 


RADIO-TELEGKAPHY 


TABLW 17. 

Aluminium Wire. 

(By Uirul porminHioii of MosHrs. Tho London Kloctric Wiro Oo., Ltd.) 


Hlzo. 

H. 

W. 

a. 

Dinri 

Incsli. 

M/m. 

H<ict.ion: 

Square 

Inch. 

al Area. 

Square 

M/m. 

Weight. 

J>oumls. 

KoHiatanco 
at OOo F. 

Standard OhniB. 

Current 

Bating. 

Per 1,000 
Y ardB. 

Per 

Milo. 

Per 

1,000 

Yards. 

Pur 

Mile. 

40 

-0048 

•1219 

•0000181 

•011074 

•004 

•112 

2200 

3882 


39 

•0052 

•1321 

•0000212 

•013701 

•075 

•132 

1888 

.1320 


38 

•0000 

•1524 

•0000283 

•018241 

•099 

•175 

3410 

24 80 


37 

■0008 

•1727 

•0000303 

•0234 30 

•128 

•225 

1098 

1934 


30 

•007() 

•1930 

•0000451 

•029207 

•100 

•282 

870 

1 5 3 8 


35 

*0084 

•2134 

•0000551 

•035752 

•195 

•343 

719 

1208 


34 

■0092 

•2337 

•0000005 

•042887 

•235 

•413 

599 

1050 


33 

•0100 

•2540 

•0000785 

•050070 

•277 

•488 

508 

895. 


32 

•0108 

•2743 

•0000910 

•059102 

•323 

•508 

4 35 

700 


31 

•011(1 

•291 0 

•0001057 

•008181 

•372 

•055 

378 

000 


30 

•0124 

•3149 

•0001208 

•077910 

•4 20 

•751 

331 

583 

Amps- 

29 

•0130 

•3154 

•0001 153 

•093722 

•5 1 1 

•899 

270 

485 

at 700 

28 

•0148 

•3759 

•0001720 

•11099 

•000 

1-07 

232 

409 

per sq. 

27 

•0104 

•4100 

•0002112 

•13028 

•74 3 

1-31 

189 

332 

inch. 

2{) 

•018 

•457 2 

•0002545 

•1042 

•895 

1-58 

157 

277 



25 

•020 

•508(1 

•0003142 

•2027 

Ml 

1-95 

127 

224 



24 

•022 

•5588 

•0003801 

•2453 

1-34 

2-30 

105 

185 


•206 

23 

•021 

•0090 

•0004524 

•2919 

1-59 

2 '81 

88 

150 


•317 

22 

•028 

•7112 

•0000158 

•3973 

217 

3-82 

05 

1 14 


•431 

21 

•032 

•8128 

•0008042 

•5188 

2-84 

4-95 

49-8 

87-5 


•503 

20 

•030 

•9 144 

•001018 

•0507 

3-59 

0-33 

39-3 

09-3 


•714 

19 

•040 

1-010 

•001257 

•8109 

4-44 

7-82 

31-89 

50-2 


•882 

18 

•048 

1-219 

•001810 

1-108 

0-37 

11-22 

22-15 

39-00 


1-27 

17 

•050 

1*122 

•002403 

1-589 

8-07 

15-23 

10-20 

28-04 


1-72 

10 

•004 

1-020 

•003217 

2-075 

11-31 

19-98 

12-4 0 

21-90 


2-20 

If) 

•072 

1 *829 

•004072 

2-027 

14 -31 

25-25 

9-84 

17-32 


2-85 

14 

•080 

2*032 

•005027 

3-243 

17-72 . 

3 1-22 

7*97 

14-03 


3-52 

13 

092 

2-337 

•000048 

4-289 

23-45 1 

4 1 -25 

0-02 

10-02 


4 *05 

12 

•104 

2*042 

•008495 

5-480 

29-95 

52-70 

4-72 

8-30 


5 '95 

11 

■110 

2-940 

•01057 

0-819 

37*35 

(15-75 

3-779 

0-04 


7-42 

10- 

•128 

3-251 

•01287 

8-303 

4 5-45 

80-1 

3- 107 

5-47 


9-03 

9 

•144 

3-058 

•01029 

10-51 1 

57-4 

lOM 

2 *4 50 

4-32 


11-4 

8 

•100 

4 -(KM 

•02011 

12-97 

70-8 

124-7 

1-990 

3-50 


14-1 

7 

*170 

4-47(l 

•02433 

15-70 

85-0 

150-7 

X-040 

2-90 


17*0 

(5 

•192 

4*877 

•02895 

18-08 

101-9 

170-5 

1 •380 

2*4 30 


20-0 

5 

■212 

5-385 

■03530 

22-77 

124*4 

219-0 

1-132 

1 -992 


24-7 

4 

•232 

5-893 

•04 227 

27-27 

148-8 

202-0 

•925 

1-029 


3()-3 

3 

•252 

0-4 01 

•01988 

32-18 

175-8 

309-5 

•802 

1-414 


34-9 

2 

•270 

7-010 

•05983 

38-00 

21 M 

370-7 

•070 

1-180 


41*8 

1 

•300 

7 -(120 

•07009 

4 5-00 

24 9*2 

4.38-2 

•507 

•998 


49*5 
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TABLE 18. 


Effective Resistance Bf of Copper Wibes OAitRYiNa High Ebeqctency Currents 
[Zenneck, Table VII., “ Wireless Telegraphy.”] 

Note. — The figures give the resistance of 1 m. in ohms., under the assumption 
that the specific conductivity a — 5-75 x 10® c.g.s. units. 


Diam. 
of Wire 
in 
m.m. 

Continuous 
Current 
Resistance 
of 1 Metre 
in Ohms. 

w=5xl04. 

\=6,000 

m. 

« = 1X105 

A=3,000 

m. 

n=l*5x 1 
106. 

A =2,000 

m. 

«=2xl05. 1 

A = 1,500 
m. 

»= 2*5X103. 

A =1,200 
m. 

w=3xl05. 

A=1000 

ni. 

n = 3*5x 

105. 

A=857 

m. 

0*2 

0*554 

0*55 

0-56 

0*56 

0*56 

0*56 

0*56 

0 66 

0-4 

0*138 

0*139 

0*141 

0*143 

0*148 

0-152 

0*157 

0*163 

0*6 

0*0615 

0*063 

0*067 

0*072 

0*078 

0*086 

0*093 

0-099 

0*8 

0*0346 

0-0370 

0-0422 

0*0498 

0*066 

0-062 

0*067 

0*072 

1-0 

0*0221 

0*0254 

0-0323 

0*0382 

0*0434 

0-0480 

0*052 

0*0552 

1-2 

0*0154 

0*0196 

0-0262 

0*0314 

0*0354 

0*0393 

0*0427 

0*0456 

1*4 

0*0113 

0-0164 

0*0221 

0*0263 

0*0298 

0*0331 

0-0369 

0*0384 

1*6 

0*00865 

0-0140 

0-0189 

0*0226 

0*0258 

0-0286 

0-0311 

0 * 033 ? 

1-8 

0*00683 

0-0123 

0-0169 

0.0199 

0*0226 

0-0251 

0-0273 

0*0294 

2-0 

0-00554 

0*0110 

0-0148 

0-0178 

0*0202 

0-0226 

0-0245 

0*0263 

2-2 

I 0*00457 

0-0098 

0-0133 

0*0159 

0*0182 

0*0203 

0*0221 

0*0238 

2*4 ' 

0-00384 

0-0089 

0-0121 

0*0146 

0*0166 

0-0185 

0*0202 

0*0217 

2*6 

0-00328 

0-0081 

0-0111 

0*0134 1 

0-0163 

0 - 0171 - 

0*0186 

0-0200 

2-8 

0-00282 

0*0075 

0*0102 

0-0123 

0*0141 

0-0158 

0*0172 

0*0186 

3-0 

0-00246 

0-0069 

0*0095 

0-0115 

0-0132 

0-0147 

0*0160 

0*0172 

3-2 

0*00216 

0*0065 

0*0089 

0-0107 

0-0123 

0*0137 

0*0149 

0*0161 

3-4 

0-00192 

0-0061 

0-0083 

0*0101 

0*0116 

0-0129 

0*0141 

0*0151 

3-6 

0-00171 

0-0057 

0-0079 

0*0096 

0*0110 

0*0122 

0*0133 

0*0143 

3*8 

0*00153 

0-0053 

0-0074 

0-0090 

0-0103 

0-0114 

0*0125 ' 

0*0134 

4-0 

0*00138 

0-0051 

0*0070 

0-0085 

0-0097 

0-0108 

0-0118 

0*0127 

4-2 

0-00125 

0-00479 

0*0066 

0*0080 

0-0092 

0*0103 

0*0112 

0*0121 

4-4 

0-00114 

0*00456 

0-0063 

0-0077 

0-0088 

0-0098 

0-0107 

0*0116 

4-6 

0-00105 

0-00438 

0-0061 

0-0074 

0-0086 

0*0094 

0-0103 

0-0111 

4-8 

0-000961 

0-00417 

0*0058 

0-0070 

0-0081 

0-0090 

0*0096 

0*0106 

5*0 

0-000886 

0-00400 

0.0056 

0-0067 - 

0-0077 

0-0086 

0-0094 

0-0101 

5-2 

0-000819 

0*00383 

0-0063 

0*0065 

0-0074 

0*0083 

0*0090 

0*0097 

6*4 

0*000759 

0*00368 

• 0*0051 

0-0062 

0-0071 

0*0080 

0*0086 

0*0093 

5-6 

0-000706 

0-00354 

0-00493 

0-0060 

0*0069 

0-0076 

0-0083 

0*0091 

5-8 

0-000658 

0-00341 

0-00475 

0*0058 

0-0066 

0*0074 

0*0081 

0-0087 

6-0 

0-000615 

0-00330 

0-00468 

0-0056 

0-0064 

0-0071 

0*0078 

0*0084 

6-2 

0*000576 

0*00319 

0*00443 

0-0054 

0*0062 

0*0069 

0*0076 

0*0081 

6-4 

0*000541 

0-00309 

0-00429 

0-0052 

0*0060 

0-0067 

0*0073 

0*0079 

6-6 

0*000508 

0*00299 

0-00415 

0-00506 

0*0068 

0*0064 

0-0071 

0*0076 

6-8 

0-000479 

0*00290 

0-00403 

0*00489 

0-0066 

0-0063 

0*0068 

0*0074 

7-0 

0-000452 

0-00281 

0-00391 

0-00476 

0-0066 

0-0061 

0-0067 

0*0071 

7-2 

0-000427 

0*00272 

0-00379 

0-00461 

0*0063 

0*0069 

0-0064 

0*0070 

7-4 

0-000404 

0-00265 

0-00369 

0-00448 

0*0061 

0-0068 

0-0063 

0-0067 

7-6 

0-000383 

0-00267 

0-00369 

0-00433 

0*0050 

0-0066 

0*0061 

0*0066 

7-8 

0-000364 

0*00251 

0-00360 

0*00426 

0-00488 

0-0065 

0-0069 

0*0064 

8-0 

0*000346 

0-00244 

0*00341 

0-00416 

0 - 0047 ^ 

7 0-0063 

0-0068 

0-0063 
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TABLE 18 — continued. 


Bidiii. 


» t = 4 - 5 x I 0 ». 

v *- 5 xl 0 fi . 

W:^1()0. 

1-6x100 

w=2 X 100. 

of WircK 
iti m.iu. 

A -750 111. 

A .norm. 

A = ()00m. 

A. =300 m. 

A =200 m. 

A~15()m. 

0-2 

0*56 

0*56 

0*57 

0-61 

0-00 

0*73 

0-4 

0*168 

0*175 

0*183 

0-246 

0-293 

0-328 

0-6 

0*104 

0*110 

0*116 

0*166 

0-187 

0-213 

0-8 

0*076 

0*079 

0*083 

0-110 

0-136 

0-167 

1-0 

0*062 

0-065 

0*069 

0-108 

0-124 

0-138 

1-2 

0*0489 

0-051 

0*053 

0-074 

0-080 

0-103 

1-4 

0*0405 

0*0462 

0*0450 

0-062 

0-076 

0-087 

1*6 

0*0353 

0*0372 

0-0394 

0-064 

0-066 

0-076 

1-8 

0*0314 

0*0331 

0*0346 

0-0480 

0-068 

0-067 

2*0 

0*0278 

0*0295 

0*0310 

0-0432 

0-053 

0*061 

2*2 

0*0254 

0*0267 

0*0280 

0-0392 

0-0479 

0-0651 

2-4 

0*0231 

0*0243 

0-0243 

0-0357 

0-0438 

0-0506 

2-6 

0*0212 

0-0224 

00236 

()-0329 

0-0400 

0-0469 

2-8 

0*0196 

0-0207 

0-0223 

0-0307 

0-0379 

0-0433 

3-0 

0*0183 

0-0193 

0-0204 

0-0287 

()-()350 

0-0405 

3-2 

0*0171 

0*0180 

0*0190 

0 - 02(}7 

0-0328 

0-0381 

3*4 

0-0160 

0-0170 

0*0178 

0-0262 

0-0309 

0-0357 

3-6 

0-0154 

0-0160 

0-0168 

0-0239 

0-0293 

0-()337 

3-8 

()*0143 

0*0161 

0*0159 

0-0226 

0-0277 

0-0314 

4-0 

0*0136 

0*0140 

0*0161 

0*0214 

0-0263 

0-0300 

4-2 

0*0128 

0*0136 

0*0146 

0-0205 

0-0246 

0*0286 

4*4 

0*0123 

0*0130 

0*0138 

0-0196 

0-0235 

0-0272 

4*6 1 

0*0118 

0*0125 

0*0131 

()-()187 

()-()225 

0*0260 

4*8 

0*0113 

0*0120 

0*0127 

0-0177 

0-0216 

0-0250 

5*0 i 

0*0108 

0*0115 

0*0124 

0*0169 

0-0207 

0-0240 

5*2 

0-0 104 

0*0111 

0*0110 

0-0162 

0-0199 

0-0229 

5-4 

0-0100 

0*0106 

0*0112 

0-0156 

0-0192 

0-0220 

5-6 

()* 0()97 

0*0102 

0*0108 

0-0152 

0-0185 

0-0213 

5-8 

0*0093 

0*0099 

0*0104 

0-0146 

0-0176 

0*0203 

6-0 

0*0090 

0*0095 

0-0101 

0-0141 

0-0172 

0-0199 

6*2 

0-0087 

0-0092 

0*0008 

0-0136 

0-0167 

0-0192 

6-4 

0-()084 

0*0089 

0-0095 

0-0132 

0-0162 

0-01 HI ) 

6*6 

0*008 1 

0 - 0()80 

0-0092 

0*0128 

0-0157 

()-() 18 I 

6*8 

0*0078 

0*0083 

0 - 0088 . 

0-0123 

0-0151 

0*0175 

7*0 

0*0076 

0*0081 

0-0086 

0-0120 

0-0148 

0-0172 

7*2 

()* 0()74 

0*0079 

0-0083 

0-0117 

0-0143 

0*0166 

7*4 

0-0072 

0*0077 

0*0081 

0-0114 

o-oiao 

0-0160 

7*6 

0-0071 

0*0075 

0*0079 

0*0111 

0*0135 

0-0150 

7*8 

0*0069 

0*0073 

0*0077 

0-0108 

0-0132 

0*0152 

8*0 

0*0067 

0*0071 

0*0076 

0-0105 

0-0129 

0*0148 


A =100 m. 


0*86 

0*399 

0*257 

0-190 

0-151 

0-125 

0*106 

0-093 

0-083 

0-074 

0-007 

0-002 

0-057 

0-053 

0-0497 

0-0459 

0-0431 

0-0407 

0-0380 

0-0360 

0-0349 

0-0331 

0-0317 

0-0304 

0-0202 

0-0281 

0*0271 

(H)20I 

0-0252 

0*0243 

0-0235 

0-0228 

0-0221 

0-0214 

0-0208 

()- 02D3 

0-0196 

0-0192 

0-0186 

0*0182 
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TABLE 19. 

Table of vai-ites of log. dec. 5 (per half period) calculated from the 

ACCURATE FORMULA OF BjBRRNES, BY THE AUTHOR. 


iO-sCv®-.)) 


Note, — ~ must be less than unity, for the equation. 

(i.) For wave-lengths taken at the resonance point and below 
Ai = small wave-length below tune point, 
and Ag = resonant wave-length. 

(ii.) For wave-lengths taken at the resonance point and above 
Ai = resonant wave-length, 
and A 2 = wave-length slightly greater than Aj. 

The top line in the heading to the tables gives the value of the ratio 
Wave length above tune wave A 2 


Resonant or tune wave-length Ai* 


The second line gives ' 


/ I 

Similarly -=5 and are tabulated, as the latter is sometimes useful when tuning 
^1 J-Q 

curves have been plotted with /i = unity as ordinates. 


h 

V 

h 

1-01 

^ = • 99 . 

1-02 

^ = - 98 . 
A 2 

' 1*03 

^ = - 97 . 
A 2 

1-04 

^ = - 96 . 
A 2 

1*05 

^ = - 95 . 
A 2 

1-06 

^ = - 91 . 
A 2 

1-07 

^ = - 93 . 

A2 

•995 

1-005 

•3126 

-6220 

•9284 

1-2314 




•994 

1*006 

•2869 

•5709 

•8521 

1-1302 




•993 

1-007 

•2664 

•5304 

•7912 

1-0495 




•992 

1-008 

•2482 

•4939 

•7371 

•9777 




•991 

1-009 

•2332 

•4640 

•6925 

•9185 




•990 

1-010 

•2205 

•4388 

•6549 

•8688 

1*0804 



•989 

1-011 

•2104 

•4187 

•6249 

•8289 

1-0308 



•988 

1*012 

•2012 

-4005 

•5976 

•7928 

•9859 



•987 

1-013 

•1932 

•3845 

•5739 

•7615 

•9467 



•986 

1-014 

•1865 

•3709 

•5536 

•7347 

*9132 



•985 

1-015 

•1800 

•3584 

•5349 

•7095 

♦8825 



•984 

1-016 

•1741 

•3465 

•5172 

•6859 

*8531 

1*0180 


•983 

1*017 

*1687 

•3358 

•5010 

•6645 

*8266 

•9866 


•982 

1-018 

*1638 

•3261 

•4866 

*6450 

*8032 

•9591 


•981 

1-019 

•1594 

•3172 

•4730 

•6278 

•7808 

•9319 


•980 

1-020 

*1555 

*3094 

*4618 

'6125 

•7617 

•9092 

1-0560 

•979 

1-021 

•1526 

•3025 

•4512 

•5988 

•7447 

•8889 

1-0326 

•978 

1-022 

•I 486 

-2958 

. -4412 

•5857 

•7282 

•8691 

1-0095 

*977 1 

1-023 

•1454 

•2893 

*4317 

*5725 

•7122 

•8501 

•9876 

•977 

1-024 

•1422 

•2831 

•4325 

•5602 

•6969 

•8319 

•9663 

•976 

1-026 

*1393 

•2771 

•4136 

•5486 

•6823 

•8144 

•9461 

•975 

1-026 

•1366 

•2716 

•4054 

•5377 

•6687 

•7981 

•9271 

•974 

1*027 

•1340 

•2664 

•3976 

•5274 

•6659 

*7828 

•9094 

•973 

1-028 

•1316 

•2616 

*3905 

•5179 

•6442 

•7688 

•8931 

•972 

1-029 

•1293 

•2572 

•3839 

•5092 

•6332 

•7557 

•8780 

•971 

1-030 

*1271 

•2529 

•3775 

•5007 

•6227 

•7432 

•8634 

•969 

1*0326 

•1221 

•2430 

•3628 

•4813 

•5983 

•7140 

•8296 

•966 

1-0350 

*1177 

•2343 

•3497 

•4639 

•5769 

•6885 

•7998 

•964 

1-0376 

•1138 

•2264 

•3378 

•4481 

•5573 

•6652 

•7727 

•962 

1-040 

•1100 

•2189 

•3266 

•4333 

•5388 

*6431 

•7471 

•957 

1*045 

•1032 

•2054 

•3065 

•4066 

•5056 

•6035 

•7010 

•952 

1-050 

•0976 

•1941 

•2897 

•3843 

•4779 

•5705 

*6626 

•948 

1-055 

•0926 

*1839 

•2745 

•3641 

•4529 

•5404 

•6278 

•943 

1-060 

•0883 

•1756 

•2621 

•3477 

•4324 

•6161 

•5994 
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TABLE 19 — continued. 


/, 

/() 

h' 

l-oi 

1-02 

1*03 

1-04 

l -()5 

l'()0 

1-07 

h) 

'99. 

-98. 

su -1)7. 

*== -96. 

^ *95. 

-94. 

K zs, *93. 

A‘2 


Aa 

Aa 

Aa 

Aa 

Aa 

*930 

1 -ooo 

■0845 

•1081 

•2609 

•3329 

I 

•4138 

•4939 

•6737 

•935 

1-070 

•081 1 

•1613 

•2409 

•3196 

•3972 

•4741 

•6506 

•930 

1-075 

•0781 

•1554 

•2319 

•3076 

•3826 

•4566 

•6304 

•920 

l -()8() 

•0763 

•1499 

•2238 

•2906 

•3689 

•4404 

•6120 

•922 

1-085 

•0729 

•1462 

•2166 

•2871 

•3672 

•4263 

•4961 

•917 

1*090 

•0709 

•1410 

•2106 

•2793 

•3474 

•4144 

•4816 

•913 

1-095 

•0693 

•1380 

•2069 

•2736 

•3397 

•4055 

•4710 

■909 

MO 

•0682 

•136,8 

•2026 

•2688 

•3343 

•3990 

•4634 

•809 

M 5 

•0551 

•1091 

•1636 

•2170. 

•2698 

•3221 

•3740 

•833 

1-20 

•0472 

•0939 

•1401 

•1868 

•2311 

•276^ 

•3203 

•800 

1-25 

•0416 

•0828 

•1236 

•1639 

•2039 

•2434 

•2827 

•709 

1-30 

•0376 

•0749 

•1118 

•1483 

•1844 

•2201 

•2666 

•741 

1-35 

•0346 

•0086 

•1023 

*1359 

•1688 

•2016 

•2340 

•714 

1-40 

•0319 

•0630 

•0949 

•1259 

•1666 

•1868 

•2170 

•090 

1-45 

•0298 

•0693 

•0886 

•1176 

•1469 

•1741 

•1897 

•007 

1 *50 

•0279 

•0556 

•0828 

•1103 

•1368 

•1633 

•1897 

•015 

1 -55 

•0264 

•0526 

*0786 

•1041 

•1294 

•1646 

•1794 

•025 

1 *00 

•0250 

•0498 

•0743 

•0986 

•1226 

•1406 

•1700 

•000 

1 -05 

•0238 

•0474 

•0707 

•0938 

•1166 

•1392 

•1617 

•588 

1 -70 

•0227 

•0452 

•0675 

•0895 

•1113 

■1328 

•1544 

•571 

1-75 

•021,7 

•0433 

•0646 

•0867 

•1066 

•1272 

•1477 

•550 

1 -80 

•0209 

•0416 

•0019 

•0822 

•1022 

•1220 

•1417 

•540 

1 -85 

•0200 

•0399 

•0595 

•0780 

•0982 

•1172 

•1361 

•520 

1 *90 

•0193 

•0384 

•0573 

•0760 

•0945 

•1129 

•1311 

•513 

1 -95 

•0186 

•0371 

•0553 

*0734 

•0912 

1089 

•1265 

•500 

2-00 

•01804 

•03590 

•05358 

•07108 

•08840 

•10660 

•12254 

•488 

2-05 

•01747 

•03480 

•05191 

•06888 

•08566 

10224 

•11879 

•470 

2 M 0 

•01692 

•03371 

•05028 

•06672 

•08295 

•09904 

•11507 

•405 

2*15 

•01640 

•03264 

•04870 

•06401 

•08032 

*09589 

•11138 

•454 

2-20 

•01588 

•03159 

•04720 

•00256 

•07777 

*00281 

■10780 

•444 

2-25 

•01544 

•03061 

; -04580 

•00059 

■07538 

•08993 

•10456 

•4-35 

2-30 

•01502 

•02980 

•04460 

•05898 

•07335 

•08755 

•10170 

*420 

2*35 

•01466 

•02907 

•04350 

•05756 

•07162 

•08542 

•09924 

•417 

2*40 

•01432 

•02841 

•04252 

•05625 

•06995 

•08350 

•09697 

•408 

2-45 

•01398 

•02778 

•04158 

'05499 

•06834 

*08162 

•09481 

•400 

2 -50 

•01364 

•02716 

•04053 

•05376 

•06676 

•07976 

•09269 

•392 

2 -55 

•01331 

•02655 

•03955 

•05253 

•0652 1 

•07792 

•09060 

•385 

2-00 

•01 300 

•02594 

•03865 

•05130 

*0637 1 

•07610 

•08855 

•377 

2 -05 

•01270 

•02534 

•03775 

•05008 

•06227 

•07432 

•08052 

•370 

2-70 

■01242 

•02476 

•03692 

•04898 

•06092 

•07270 

•08452 

*304 

2-75 

•01216 

•02422 

•03613 

•04794 

•05962 

•07115 

•08265 

•357 

2-80 

•01 192 

•02371 

•03537 

•04692 

•05837 

•06965 

•08091 

■351 

2-85 

•01 167 

•02323 

•03467 

•04598 ' 

•05720 

■06826 

•07929 

•315 

2-90 

•01 145 

■02279 

•03401 

•04009 

•05610 

•06695 

•07778 

•339 

2-95 

•01 124 

•02237 

•03338 

•04426 

•05507 

•06568 

•07636 

•333 

3 OO 

•01 105 

•02199 

•03282 

•04353 

•05413 

•06462 

•07504 

•308 

3 -25 

•01012 

•02013 

•03005 

•03986 

•04957 

•05900 

•06895 

•280 

3 -50 

•00928 

•01847 

•02756 

•03066 

•04547 

•05437 

•06320 

•207 

3 -75 

•00864 

•01718 

•02564 

•03401 

•04237 

•05057 

■05863 

•250 

4 *00 

•()()8()6 

•01607 

•02398 

•03180 

•03955 

•04721 

•05483 

•235 

4*25 

•00753 

•01499 

•02237 

•02967 

•03690 

•04404 

•05115 

•222 

4 -50 

•00707 

•01404 

•02095 

•02779 

•03465 

•04128 

•04801 

•2 U 

4-75 

•00669 

•01332 

•01988 

•02637 

•03280 

•03914 

•04647 

•200 

5 -00 

■00638 

•01270 

•01800 

•02614 

•03127 

•03732 

•04337 

•107 

0 

•00528 

•01052 

•01569 

•02082 

■02580 

•03090 

•03689 

•143 

7 

•00451 

•00897 

•01338 

•01775 

■02207 

•02635 

■03059 

*125 

8 

•00394 

•00784 

•01170 , 

•01662 

•01930 

•02303 

•02675 

•111 

0 

•00350 

•00696 

•01038 

•01377 

•01713 

•02044 

•02374 

•100 

10 

•00314 

•00625 

•00933 

•01238 

•01540 

•01838 

•02135 

•091 

u 

•00284 

•00565 

•00842 

•01175 

•01390 

•01660 

•01926 

•083 

12 

•00262 

•00521 

*00777 

•01031 

•01282 

•01530 

•01777 
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TABLE 20. 

Table eor the Bbterbiination oe the Degree of Couplino K\ 

N', N\ are the two frequencies corresponding to the two coupling peaks of the 
tuning curve. 

A' p are the two corresponding wave-lengths. 

N and A are the frequency and wave-length for the circuits when uncoupled. 



In the following table the coupling is expressed as a percentage. 

[Zenneck, “ Wireless Telegraphy/’ Table X.] 


A' N 
• A N' 

Percentage 

Coupling. 

1 ^-oviL. 

A. JV* 

Percentage 

Coupling. 

A" 

— or . 
y N" 

Percentage 

Coupling. 

0-999 

0-20 

1*001 

0-20 

l-OOl 

0-100 

0-998 

0-40 

1-002 

0-40 

1*002 

0-200 

0-997 

0*60 

1-003 

0-60 

1*003 

0*299 

0*996 

0*80 

1-004 

0-80 

1-004 

0*398 

0-995 

1-00 

1-005 

1-00 

1-005 

0*498 

0-994 

1-20 

1-000 

1-20 

1-006 

0*596 

0-993 

1-40 

1*007 

1-40 

1-007 

0*695 

0-992 

1*59 

1-008 

1-61 

1-OOS 

0*799 

0-991 

1-79 

1*009 

1 1-81 

1-009 

0*897 

0-99 

1-99 

1*01 

2-01 

1-01 

0*99 

0*98 

3-96 

1*02 

4*04 

1-02 

1-98 

0-97 

4-91 

1*03 

6-09 

1-03 

2*97 

0-96 

7-84 

1-04 

8-16 

1-04 

3*92 

0-95 

9-75 

1-05 

10*2 

1-05 

4*87 

0*94 

11*6 

1-06 

12-4 

1-06 

5*82 

0-93 

13-5 

1*07 

14-5 

1*07 

6*76 

0-92 

15*4 

1*08 

16-6 

1*08 

7*68 

0*91 

17-2 

1-09 

18-8 

1-00 

8-60 

0-90 

19*0 

1-10 

21-0 

1*10 

9*50 

0-89 

20*8 

1-11 

23-2 

1-11 

10*4 

0*88 

22*6 

1-12 

25-4 

1-12 

11*3 

0*87 

24*3 

1-13 

27*7 

1-13 

12-2 

0*86 

26-0 

M4 

30-0 

1-14 

13*0 

0*85 

27-8 

1-15 

32-2 

1-15 

13*9 

0-84 

29*4 

1-16 

34*6 

1-16 

14*7 

0*83 

31-1 

1-17 

36*9 

1-17 

15*6 

0-82 

32-8 

1*18 

39-2 

1-18 

16*4 

0*81 

34-4 

1-19 

41-6 

1-19 

17*2 

0*80 

36-0 

1*20 

44*0 

1-20 

18*0 


OG 
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TABLE 20 — continued. 


^ .«• A. 

]’oroontfiffo 

i' .,r E. 

Porcentago 


I\*rcentago 

A iV' 

( Joupliny;. 

A 

(Joiipliiig. 

A' 

Coupling. 

0-79 

37-0 

1*21 

49-4 

1*21 

18*8 

0-78 

39-2 

1-22 

48-8 

1-22 

lO-O 

0-77 

40*7 

1*23 

51-3 

1-23 

20*4 

o*7(; 

42-2 

1-24 

OILS 

1-24 

21-2 

0-75 

43*8 

1-25 

59-2 

1*25 

22*0 

0*74 

45-2 

1-29 

58-8 

l-2() 

22*7 

0’73 

4()-7 

1*27 

91-3 

1-27 

23*5 

0-72 

48*2 

1-28 

()3-8 

1-28 

24-2 

0-71 

49-(5 

1-29 

99-4 

1*29 

24-9 

0-70 

51*0 

1-30 

99-0 

1*3() 

25-(t 

O'M) 

i 32-4 



1-31 

29'4 

()-t)8 

53*8 



1-32 

27*1 

0-97 

55*. I. 


1 

J'33 

27*8 

()•(>() 




1*34 

28-5 

0*(i5 

57-8 



1*35 

29*1 

0-54 

59-0 



1*39 

29-8 

0-(i2 

00-3 



1*37 

30*5 

0*92 

()l-0 



1*38 

3M 

0-(5l 

(i2-8 



1-39 

31*8 

0*(i0 

01-0 



1*40 

32*4 





1-41 

33*0 





1*42 

33*7 





1*43 

34-3 





1*44 

34*9 





1*45 

35*5 





1*49 

39*1 


f 



1 ‘M 

39*7 





1*48 

37*3 





1*49 

37*9 





1*90 

38*5 




' 

1*55 

41*2 





1*(K) 

43*8 





1 *(55 

49*3 





1*70 

48*9 





1*75 

50*7 





1*80 

52*8 





1*85 

54*8 





1*90 

5 9* (5 





1*95 

58*4 





2*00 

90*0 





. . 





TABLE 21. 

Specific Inductive Oapacitibs. 

(By perinission of the proprietors of ** The Electrician.**) . 

The specific indixciive capadtv of a substance is the ratio of the capacity of a 
condenser when the plates are separated by this substance to the capacity of the san^e 
condenser when its plates are separated by air at about 760 mm. pressure — no chang-e 
bein^ made in the condenser except in the substitution of air for the substance in 
question. 

The determination of the specific inductive capacity of a substance does not admit 
of great accuracy on account of the phenomenon of absorption or soaking in of the 
charge which causes an apparent diminution * in the specific inductive capacity for 
charges of short duration as compared with those of long duration. Thi- figures 
given in the following table should, therefore, only be regarded as approximately 
correct. 


Substance. 

Flint glass, very light, density 2-87 . 



Specific Induc- 
tive Capacity. 
6-61 

Authority. 

J. Hopkinson 

,, light, density 3*2 . 



6-72 

J. Hopkmson 



3-01 

Wiillner 

„ dense, density 3*66 



7-38 

J. Hopkinson 



3-05 

Wiillner 

extra dense, density 4 ’5 . 



9-90 

J. Hopkinson 



3-16 

Wiillner 

Crown glass, hard, density 2-485 



6-96 

J. 'Hopkinson 



3 11 

Wiillner 

Plate glass ..... 



8-45 

J. Hopkinson 



5-83 to 6-34 

Wiillner 

White mil r or glass 



0-83 

Schiller 



6-34 

Siemens 

Straw-coloured glass 



2-96 to 3-66 

Schiller 



4-12 

Siemens 

ParafiBn wax ..... 



1-977 

Gibson & Barclay 

•» »» • 



1 96 

Wiillner 




2-32 

Boltzman 

»» »> . 



1-68 to 1-92 

Schiller 

Indiarubber, pure .... 



2-19 to 2-34 

Siemens 



2-12 

Schiller 

11 vulcanised . 



2-34 

Siemens 



2-69 

Schiller 

»» » * • •• 



•2-94 

Siemens 

Resin . . . . 



2-55 

Boltzman 

Ebonite ..... 



2-21 to 2-76 

SchiUer 




3-15 

Boltzman 

,, 



2-56 

W^iillner 

Sulphur *. . . ... 



2-28 

Gordon 



2-88 to 3-21 

Wiillner 



3 84 

Boltzman 

Shellac . . . . . ‘ . 



2-58 

Gordon 



2-74 

Gordon 

>>•••••• 



2-95 to 3-73 

Wiillner 

93 • • • 



3-15 

Boltzman 

Gutta-percha .... 



4-2 

Faraday 

,, ..... 



2-46 

Gordon 

Mica ...... 



5-0 

Faraday 

Pitch 



1-8 

Faraday 

Petroleum, spirit, Field’s 



1-92 

J. Hopkinson 

,, essence of . . . 



2-17 

Perot 

,, oil. Field’s . 



2-07 

J. Hopkinson 

,, ,, common . 



2-10 

J. Hopkinson 




2 04 to 2-07 

Silow 

„ ” neutral at 21® C. 



2-26 

E. B. Rosa 

Turpentine, commercial 



2-23 

J. Hopkinson 

„ „ at 18-6® C. . 



2-43 

E. B. Rosa 

„ oil of, at 17-1® C. . 



1-94 

Quincke 



2-16 to 2-22 

Silow 

Castor'oil . ** . . . . 



4-78 

J. Hopkinson 

Sperm oil .... . 



302 

J. Hopkinson 

„ at 20® C 



3-09 

E. B. Rosa 

Benzine ..... 



2-20 

Silow 




2-24 

Perot 

at 21® C. ‘ ! ! 



2-45 

E. B. Rosa 

Bisulphide of carbon at about 11® 0. 



1-97 to 2-22 

Quincke 



1-81 

Gordon 

Water at 14® C. .” . 



83-8 

Teroschin 

„ 25® C 



75-7 

E. B. Rosa 

Air at about 0-001 mm. pressure 



0-94 

Ayrton 

,, ,, 5 ft ft . 



0-9985 

Ayrton 

„ „ 760 



0-9994 

Boltzman 

Hydrogen at about 760 mm. pressure 



0-9997 

Boltzman 



0-9998 

Ayrton 

Carbon dioxide at about 760 mm. pressure 


1-0004 

Boltzman 

39 99 99 99 99 



1-0008 

Ayrton 

Olefiant gas at about 760 mm. pressure 



1-0007 

Boltzman 

Sulphur dioxide at about 760 mm. pressure 


1-0037 

Ayrton 

* According to M. Perot the reverse is sometimes the case with impure liquids. 
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TABLE 22. 

SiMficin'ic Electrical Resist anoe Taiile. 

METALS, ALLOYS, ELECTROLYTES. 

(By ftrmksion of the ProprielorH of the “ Electrician^) 
Metals and Alloys. 


Mot-iil or Alloy. 

lleKistaiUHi 
( !otri])arecl 
with 
(V)i)per 
(ai»prox.) 

Hi)eeifl(5 * 
B(!HiHta,nee 
in C.C.H. 
UiiitH 
at 0® C. 

Temperiituro ( Joellicient 
per 1® C. 

Aluminium, annealed 

2 

2,946 

0*0039 

,, hard-drawn 

2 

3,160 

0*0039 

Antimony, pressed 

22i 

36,900 

0*0039 

Bismuth, pressed . . . 

83 

132,050 

0*0054 

Cadmium .... 

6i 

6,800 

— 

Carbon, retort .... 

42,000 

07 X 100 

— 

,, are light (Carrd) 

4,400 

7X 100 

0*0005 

,, glow lamp ( Kdison-Swan) 

2,600 

4 X 100 

--0*00054 

Copper, soft .... 

1 

1,C80 

0*00388 

,, hard .... 

1 

1,010 

0*00388 

German silver (Cu 4 parts, Ni 2 

13J 

21,170 

0*00044 

parts, Vtix 1 part). 




Gold, purest soft 

n 

1,952 

0*00336 

,, hard-drawn 

4 

2,118 

()*00366 

Iron 

0 

9,611 

0*0048 

Jjoad, prt^ssod .... 

I2i 

19,850 

0*00387 

ijoad peroxide, ohomioally pro- 

4 X 10« 

5,590 X 100 


„ ,, eleotrolytioally 

4 X 10« 

0,780 X 100 


prei)arod. 




Moreury, liquid ... 

no 

94,070 

0*00072 





0”t<» 10°C. 0*000025 





l0®to20®C.r=,| 0*000014 

Manganin (Cu 84 per cent., Mn 

1 

42,000 . 


20® to 30® C. ^ + 0*000003 

12 per cent., Ni 4 per cent.). 

) -0 



3()®t()40®C. r;* 0 





40® to 50® C. — 0*0()()003 





50® to 00® CJ. s » — 0*000006 

Manganese copper (Cu 70 i)or 

03 

100,600 

0*00004 

e(mt., Mn 20 per cent.). 




Nickel, pure .... 

7i 

12,290 

0*()048 

Platinum, pure annealed . 

5 

8,222 

0-0032 

Platinoid (German silver -)" 1 OJ* 

27i 

43,000 

0*00025 

2 per cent, of Tungsten). 




I^latinum iridium (Pt=»80 per 

18i 

29,375 

0*00089 

cent., Ir 20 per cent.). 




Platinum silver (Pt=33 per cent., 

102 

26,820 

0*00018 

Ag f (50 per cent.). 




Phosphor bronze, eommeroial . 


8,479 

0*00004 

Hilver, annealed 


1,521 

0*00377 

,, hard-drawn 

— 

1,652 


Tin, pure- .... 

0 

9,665 

0-004 

,, pressed .... 

H 

13,360 

()*0036 

Zlrm, pressed .... 


5,690 

0*0036 


'Vo convert to ohms X 10" 

I John Shields, Ohem. News, “No alteration observed on healing np to 115® C.” 
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TABLK 22a 

VOLTJMIO BuSlSTlVITy OF SoiJl) I)lKl,KOTRI('y. 

[Values of the resistivity taken from tlie “ Bull Bureau of Standards/’ Vol. XT,, 

Table 8]. 


Matorial. 


.Riisistiv’ity 
ill OhniN 
])er 

at 2ii° ( 5, 


Amborito 

Bakerlito IS’o. L668 

No. 140 . 

Boos wax. Yellow . 

„ White 
Celluloid, White 


6 X lO^o 
2 X 10i« 
Max. 

2 X 10^ 
Min. 

2 X 10^® 
0 X low 
2 X 10^0 


Corosin 
Duranoid 
Blootroso, No. 8 
,, Black 

„ Yellow . 

Fibre, Hard . 

Rod 

Glass,* Bohemian . 

„ Gorman 
,, Kavalior . 

„ Opal 
„ * Ordinary . 

», Plato 
Olyptol . 

Hard Rubber 

Ivory 

Khotinsky (kiinont 
Marble, Italian 

., Pink TonnoHHoo 


over 
C X 10^« 
3 X low 
2 X low 

1 X low 

r> X low 

2 X lOW 

r> X io» 

*« X low 

r> X low 
8 X low 

1 X low 
*9 X low 

2 X low 
1 X low 

1 X low 
*2 X low 

2 X 108 
2 X low 
1 X low 
fi X 100 


Material. 


Marble, Blue Vermont 
Mica, Black Spotted Afriean 
,, Brown African clear . 
„ Colourless . 

>, India ruby, stained 


stained. 
Moulded Mica 


hH 


ightly 


Paraffin ( Special) 

(Parowax) 

Po roelain , XT nglaxod 
Quartz, l| to axis 
• X to axis 
„ Fused 
Resin . 

Sealing Wax 

Shollao 

Slate 

Sfcabalito 

Sulphur 

Tetraohlornaph thaleiie 
VuloabcHton 
Wood, Paraffined* 

„ Mahogany 
Maple 
p. Poplar 


UoHiHtivity 

ill OhiftH 

per crn.s 
at 22* (I 


1 X 100 

4 X lOW 

2 X lOW 

2 X low 
C) X lOW 

5 X low 

1 X lOW 
over 
r> X low 

1 X low 

3 X low 

2 X low 
2 X low 

over 
5 X JOW 

r> X lO W 
8 X low 
1 X low 

1 X lO® 

2 X 10*8 
1 X low 
5 X low 
1 2 X low 
5 X low 

4 X low 

3 X 10^0 
0 X low 


* Tables of the Frenoh Physical Society, 
t Should read J— P Bakerlito.” 
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TABLE 23. 

Relation between Sparking- Distances and Impressed 

Voltage. 

In the Standardisation Rules of the American Institute of 
Electrical Engineers, the following table of sparking distances in air 
between opposed sharp needle points for various effective sinusoidal 
voltage is given : — 


Kilovolts 
sq. root of 
mean sq. 

Inches 

sparking 

distance. 

Kilovolts 
sq. root of 
mean sq. 

Inches 

sparking 

distance. 

Kilovolts 
sq. root of 
mean sq. 

Inches 

sparking 

distance. 

5 

0-225 

80 

7-1 

200 

20-25 

10 

0-47 

90 

8-35 

210 

21-30 

15 

0-725 

100 

9-6 

220 

22-35 

20 

1-0 

no 

10-75 

230 

23-40 

25 

1-3 

120 

11-85 

240 

24-45 

30 

1-625 

130 

12-90 

250 

25-50 

35 

2-0 

140 

13-95 

260 

26-50 

40 

2-45 

150 

15-0 

270 

27-50 

45 

2-95 

160 

16-5 

280 

28-50 

50 

3-65 

170 

17-10 

290 

29-50 

60 

4-65 

180 

18-15 

300 

30-50 

70 

5-85 

190 

19-20 




Recent tests show that needle-point gaps are not reliable above 
100,000 volts. A sphere gap voltmeter is recommended by S. W. 
Farnsworth and C. L. Fortescue {Proc, Am.Inst.E.E.,'E^h., 1913), 
and the tests made by the latter and L. W. Chubb give the following 
results : — 


Diam. of Spheres in cm. 

Gap in cm. 

Volts. 

25 

2 

60,000 

25 

4 

112,000 

25 

6 

165,000 

50 

8 

215,000 

50 

10 

260,000 

50 

14 

350,000 


USEFUL mMMllLM AND EQUATIONS 

TABLE 24. 
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TabLIA of DiSKOT'PIVK Vox/PAOIAH TAKFN UWTWFMN <'IJAAN BhAHH <0«' TllK 

DIFIMORMNT HtZKH. 

V • - p. (1. in V 0 II.H. (max,), 
d — (liamot(u’ of balln in oinH. 

I Hpark length in cimtirnetreH, 

(J. A. Fleming, “ PrineipleH of Fleetrie Wave '’I’(‘l(*gi*aphy, p. 102.) 



d == 5-0. 

d -- 2'(). 

d ■■ l-O, 

d o-r>. 

1 

1 V 

1 

V 

if 

V 

5 

! 18,:5()() 

1 

4,710 

4,800 

4,830 

() 

! 21 ,()0() 

2 

8,100 

8,B70 

8,370 

7 

j 24,510 

3 

1 1,370 

11,370 

1 1,340 

8 

27,».‘10 

4 

14,490 

14,550 

13,770 

9 

:M),090 

5 

17,490 

17,310 

15,720 

10 

‘12,850 

G 

20,370 

19,920 

17,190 

11 

i 35,580 

7 

23,250 

22,050 

18.300 

12 

38,310 

8 

20,040 

24,090 

19,020 

i-} 

41,010 

10 

31,290 

27,000 

20,190 

14 

43,080 

12 

35,490 



15 

40,230 

14 

38,040 

- , 


1(5 

48,000 

15 



22,320 




10 

41,280 



4’AIU;F 20. 

Tahi/f of , Spark Ekhih'iUnomh in Ohmh uiutwickn I cm, IUi.im, 

(J'. A, Fleming, “ PrirujipIeH of Eliuh-nh; Wav(» T(4cgrapliy,” j>. 181.) 


Spark 


IVTatorial of Balln. 


jiti 



” " '' 


ome. 

Brans . 

(ioppor. 

Alnminiuni, 

>^ine. 

0-05 

0-9 

1-3 

1 -3 

1-0 

010 

2-4 

2-8 

2-8 

2-2 

0-15 

4-0 

4-4 

4-(i 

3-5 

0-20 

5-9 

0-4 

7-1 

5-(! 

0-25 

8-9 

93 

lO-O 

8-4 

0-30 

12-8 

12-0 

15-5 

12-2 









Iron. 


0-9 

2‘2 

Uf) 

7.7 

11 -8 
KM 
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TABLE 26. 

Table of Dielectric Strengths. 

(Values given in “ Fowler’s Electrical Engineer’s Pocket Book.”) 


Material. 

, Practical 
Value in 
Volts per mil. 

Thickness for which 
Values hold, 
in inches. 

Cotton, Single Covering ..... 

275 

0-005 —0-012 

„ „ Soaked in Paraffin Wax 

400 

0-006 —0-015 

„ Double Covering . . . 

225 

0-012 —0-020 

,, „ Soaked in Paraffin Wax 

275 

0-015 —0-025 

Fibre, Red V ulcanised ..... 

200 

0-030 —0-075 

Mica ........ 

3000 

0-001 —0-125 

Micanite Cloth, Flexible. .... 

200 

0-008 —0-020 

Oiled Paper ....... 

500 

0-005 —0-030 

„ ,, Double Coat .... 

700 

0-006 —0*010 

Paraffined Paper ...... 

900 

0-002 —0-008 

Shellacked Cloth ...... 

40 

0-006 —0-012 

Single Silk Covering, S.S.C 

475 

0-001—0-0025 

„ „ ,, Sbellacked 

525 

0-0015—0-004 

Double Silk Covering, D.S.C. .... 

375 

0-0015—0-005 

„ ,, „ Shellacked . 

450 

0-002—0-007 


TABLE 2Ca. 

Table of Dielectric Strengths. 

(Values given in “Standard Handbook for Electrical Engineers.”) 


Material. 

Volts per mm. 

Celluloid 

14,000 

Ebonite ...... 

30,000 

Empire Cloth ..... 

10,000 

Fuller Board ..... 

16,000 

Glass, Ordinary .... 

8,000 

„ Lead ..... 

6,600 

Manilla Paper. .... 

5,000 

Micanite Plate .... 

40,000 

,, Flexible Plato . 

30,000 

„ Cloth .... 

17,000 

„ Paper 

18,000 

Paraffin ...... 

11,500 

Porcelain ..... 

9,000 

„ (Locke) .... 

16,350 

Pressphan ..... 

f 4,000 

1 10,000 

Resin ...... 

11,000 

Wax 

11,500 


USEFUL FORMULA AND EQUATIONS 
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TABLE 27. 

GiLBHBT S TaBLK (ObDINABY OATIilNAKy). ' 

aj « 100 - half span. ^ | 


c » Modolus. 

d ** dip. 

s w length of wire. 

/ ordinate at 
iuHnlator. 



2000 

2-6005U 

100-041474 

2002-500511 

o 

87 

f 

8 

ff 

11 

1960 

2-564693 

100-042440 

1962-5(i450.‘» 

87 

3 

40 

1900 

2-632103 

100-045727 

1902-632163 

86 

69 

8 

• 1860 

2-703298 

100-047540 

1852-70:(2()8 

86 

64 

15 

1800 

2-7 784-21 

100-060163 

1802-778421 

86 

49 

0 

1760 

2-867914 

100-054318 

1762-867914 

86 

43 

40 

1700 

2-942018 

100-057666 

1702-942018 

86 

37 

53 

1660 

3-031204 

l()0-0()0788 

1 663 -03 1204 

86 

3 1 

4 0 

1000 

3-126974 

100-06442 1 

1603-126974 

86 

26 

10 

1650 

3-226852 

100-068246 

1663’226862 

86 

18 

21 

1600 

3-334668 

100-073939 

1603-334568 

86 

10 

59 

1460 

3-449(il8 

100-078929 

1463-440618 

86 

3 

0 

1400 

3-572907 

100-084490 

1403-672907 

86 

64 

39 

1350 

3-705344 

1()0'090750 

1363*705344 

86 

46 

35 

1300 

3-847958 

100-097440 

130:$-847()58 

86 

36 

45 

1250 

4-002036 

100-106463 

1254-002035 

86 

26 

16 

1200 

4-168981 

100-114680 

J 204 •] 0898 1 

86 

13 

51 

1160 

4-350643 

100-126801 

1154-360543 

85 

1 

26 

1100 

4-648646 

I00-I3734(l 

I i04-r)48r.4r) 

84 

47 

54 

1050 

4-766440 

100-160663 

1054-765440 

84 

33 

5 

1000 

6-004084 

lOO- 166906 

1005*004084 

84 

16 

48 

1)80 

6-106408 

100-173026 

9B5-1004()8 

84 

9 

49 

0(iO 

5-213007 

100-180682 

965-213007 

84 

2 

13 

940 

6-324098 

100-188974 

945 -.324 098 

83 

6<1 

58 

920 

6-440046 

100*196191 

1 925-440045 

83 

4 7 

4 

900 

6-661266 

100-206826 

905-56I260 

83 

38 

48 

880 

6-687876 

100-214837 

886-687870 

83 

30 

11 

860 

6'82()479 

100-225256 

865-820470 

83 

21 

9 

840 

6-969364 

100-236949 

845-060364 

83 

1 1 

42 

820 

6-105033 

100-247321 

820-1 06038 

83 

1 

47 

800 

6-258102 

100*260290 

800-258102 

82 

61 

23 

780 

6-418938 

100-273356 

780-418038 

82 

40 

28 

760 

6-688360 

100-288153 

760-688360 

82 

28 

57 

740 

6-767004 

100-304328 

746-767004 

82 

10 

50 

720 

6-966677 

100-321527 

720-966677 

82 

4 

3 

700 

7-154926 

100-339869 

707-164926 

81 

60 

33 

680 

7-366193 

100-360765 

687-366193 

81 

36 

16 

(MiO 

7-690181 

100-382617 

667-690181 

81 

21 

6 

640 

7-828368 

100-407143 

647-828368 

81 

5 

1 

620 

8-081923 

100-433670 

628-081923 

80 

47 

54 

600 

8-362608 

100-463404 

608-362608 

80 

29 

40 

680 

8-642033 

100-496986 

688-642033 

80 

10 

1 1 

560 

8-952299 

100-632176 

668-962299 

79 

44) 

27 

640 

9-283888 

100-662366 

649-283888 

79 

27 

2 

620 

9-645021 

100-617336 

629-646021 

79 

2 

56 

600 

10-033315 

100-667683 

510-033316 

78 

30 

59 

480 

10-454508 

100-726490 

490-454608 

78 

8 

56 

460 

10-912412 

100-789382 

470-912412 

77 

38 

28 

440 

11-412622 

100-863062 

451-412622 


5 

23 

420 

11-961025 

100-047150 

431-901026 

76 

29 

6 


04 


EADIO-TELBGRAPHY 


i 

I 


TABLE 27. — continued. 


- Modolas. 

d dip. 

s length of ■wire. 

l ordinate at 
insulator. 

1 

90° - i' 


400 

12*505207 

]0l-04t7‘.)2 

412*505207 

1 

o 

75 

f 

49 

t! 

22 

380 

13*233004 

101*158103 

393*233094 

75 

5 

35 

300 

13*078305 . 

10 1-200757 

373-0783(i5 

74 

17 

7 

:W() 

14*812141 

101*447700 

354-812141 

73 

32 

10 

320 

15*752501 

101-(!353:i7 

335*752501 

72 

22 

40 

300 

10*821520 

101*802009 

310*821529 

71 

14 

44 

280 

18*047085 

102*130232 

298-047086 

09 

57 

31 

200 

10*408903 

102*483745 

279-408993 

08 

29 

13 

240 

21*120437 

102*893220 

201*120437 

60 

47 

38 

220 

23*118850 

103*473548 

243*118850^ 

64 

48 

38 

200 

25*525175 

104*210022 

226*525176 

62 

28 

34 

180 

28*550040 

105*343400 

208*559940 

59 

39 

43 

100 

32*280531 

100*038054 

192*280531 

60 

19 

0 

MO 

37*258541 

108*722538 

177*258541 

52 

10 

2 

120 

44*134402 

111*082500 

KM *134402 

40 

58 

48 

100 

54*308027 

1 17*520071 

154*308027 

40 

23 

42 

05 

57*074415 

110*517084 

152*074415 

38 

28 

45 

00 

01*511583 

121*884200 

151*511583 

30 

20 

34 

85 

05*852100 

124*024034 

150*852100 

34 

17 

44 

80 

74*073875 

128*153485 

151*073875 

31 

58 

28 

75 

77*147407 

132*377010 

152*147407 

29 

32 

4 

70 

84-433443 

137*057800 

154*433443 

20 

57 

10 


NoTIOH on TIIIO USK OK THIS Tahijs. 

L<^t tlio clintanao botwcou tho pointn of Hup[)C)rt be 2,(H)() ft. Tlicn :r, tlu‘. lialf- 
Hpan, Ih I,0()(.) ft. Tu tho tabl(‘. x is roproHCntcct by iOO ; therefore^ ovt^ry unit, in 
Table roproHcnts 10 ft. 

Lot tho roeptired sag bo 30 ft., or 3 imits of dip. The nearest to tluH in colinnn 2 
in d 3*():U. 

In oolurnn 5 wo hud that tho angle which the (uitenary will make with the 
vertical through the point of support is 3 1 ' -1(1'^. 

In C5oIunm 3 wo find tliat tho actual length of tho catcuiary will bo 10()-000788 
un its, or 1,000*01 ft. 

In column I wo itiid that th(5 moduhiH c in 1 ,050. Thin modulus multiplied by the 
w(ugh t per unit length gives tho tonwon at the lowest (mid-) point. 

Thus if tho wire forming tho catenary weighs 100 lbs. per 1,000 yards, or lb. 
l>or foot, tho weight per unit of tho table is J 1 b., and tho tension at the lowest point 
will be 1,050 X i, <>r 550 lbs., due to weight of wire alone. 

The tension at tho point of suspension is found by adding to this mid-jioint 
tension tho product of the sag in foot into tho weight of wir 0 x>er foot; that is, in 
this oas(', by adding 1 lb. 
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TABLE 28. 


Weights and Mbasitres. 


Avoirdupois Weight. 


drachms. ozs. 

1 = *0625 = 
16= 1 = 
256 = 16 = 

7,168 = 448 = 

28,672 = 1,792 = 
573,440= 35,840 = 


lbs. qrs. 
•0039 = *000139 
•0625 = *00223 
1 = *0357 

28 =1 
112 = 4 
2.240= 80 


cwta. 
= *000035 
= *000558 
= •00893 
= *25 
= 1 
= 20 


ton. grammes. 

= *00000174= 1*771846 
= *000028 = 28*34954 

= *000447 = 453*59 

= *0125 = 12,700 

= *05 — 50,802 

== 1 = 1,016,048 


Troy Weight. 


rains. dwts. ozs. lbs. grammes. 

1 = *04167= *00208= *0001736:^ *0646 

24 = 1 = *05 = *004167 = 1*555 

480= 20 = 1 = *0833 = 31*1035 

5,760= 240 = 12 = 1 = 373*242 

7,000 grains troy = 1 lb. avoirdupois. 

175 lbs. troy ~ = 144 lbs. avoirdupois, 
lbs. avoirdupois X 1*2153 = lbs. troy, 
lbs. troy X *82286 = lbs. avoirdupois. 


Long Measure. 


ins. 

feet. 

yards. 

fath. 


poles 


fur. mile. 


metres. 

1 = 

•083 = 

*02778 = 

*0139 

= 

*005 

= 

*000126= *0000158 

= 

*0254 

12= 

1 = 

*333 = 

*1667 

= 

*0606 

= 

*00161 = *0001894 

= 

•3048 

36= 

3 = 

1 = 

*5 

= 

*182 

= 

*00454 = *000568 

= 

*9144 

72= 

6 = 

2 = 

1 

— 

*364 


*0091 = *001136 

= 

1*8287 

198= 

16A X 

5i = 

2i 

= 

1 

= 

•025 = *003125 

= 

5*0291 

7,920= 

660 = 

220 = 

no 

= 

40 

= 

1 = *125 

= 

201*16 

63,360= 

5,280 = 

1,760 = 

880 

= 

320 

= 

8 =1 


1,609*316 


Measure of Capacity. 


pints, gall 
1=*125 
8=1 
16=2 
64=8 
512=64 
2,560=320 
5,120=640 

1 gallon in wine, ale, or dry measure 
= 277i cubic inches = *16 cubic foot 
= 10 lbs. of distilled water. 

Cubic feet X 6*2355 = gallons. 

Cubic ins. X *003607 = gallons. 

1 bushel = 2,218* 19 cubic inches = 1*28 cubic foot. 
Cubic feet= *78 = bushels. 

Cubic ins. X *00045 = bushels. 


peck. bushel, quarter. wey. last. cub, ft. 
= •0625 = *01562 = *00195 = *00039 = *000195 = *02 

= *5 = *125 = *0156 = *00312= *00156 = *1604 

= 1 = 25 = *03125= *00626= *00312 = *3208 

: 4 =1 = ‘125 = *025 = *0126 = 1*283 

= 32 = 8 = 1 = *2 = *1 = 10*264 


= 160 
= 320 


: 40 
80 


= 10 


= I 

= 2 


= *5 
= 1 


= 51*319 


litres. 
*5676 
4*543 
9*082 
36*32816 
290*626 
= 1,453*326 


102*64 =2,906*26 


Square or Surface Measure. 

144 square inches = 1 square foot. 

9 square feet = 1 square yard. 

30J square yards =; 1 square rod or perch. 

40 square rods = 1 rood. 

4 roods = 1 acre (4,840 square yards). 

640 acres = 1 square mile (3,097,600 square yards). 
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TABLE 20. 
Svtropsis oir Ukits. 


I. — I<’UN A M 10 NT A Ti. 


DinuinsionB. 


Liingth — MaHB — Time 




II. — Dkiiiviod MwoirANioAr.. 


Area . 

Volume 

Volooity . 

Momontuiu 

Aoooloration 

Eorc(5 

Work 

Energy (kinotio) 


L XL, . 
? L x L X L . 
L^.T , 


— mass -f. volooity 
A volooity ~ time 
nss mass X aoooloration 
W foroo X length 
= i mass X volociiy^* 


L^ 

LT-^ 

LMT-^ 

LT-^ 

LMT-^ 

LmT-^ 

LmT-'^ 


HI. — .Deihvbi) Elkotho-Static. 

Quantity . . . qz==ivQ^ A 'force X clistanoo^ . 

Current . . . c vi quantity -f- timo 

Eleotro-motivo Eoroo \ JC ^ 

Diirorencc of Botontlal / """ ‘ ^ quantity 

Eosistanoo . . r ^ oloctro- motive foroo -f- current 

Capacity . . k v^K quantity -r olootro-niotive force 

Sp. Ind. Capacity , . =: quantity 4- another quantity . 


IV.— Dmiiived Maonmtio. 

Strength of l^olo \ v'foroe X di 8 tanoo“ 

Quantity of Magnetism \ 

Moment of a Magnet . tnl strength of polo X length of poles . 
Intensity of Magnetisation 1 moment of magnet volume 
Magnotio I^otontial . . — work strength of polo . 


LiMhT-^ 

L MlT-^ 


L-^T 

L 

a numeral 


LlMhT-^ 

L^MlT-^ 
L-hAlhT-^ 
LhMlT ^ 


V. — 1) B III VB 1) E L BOT no -M A a N BTIO. 


Current . . . C' — ^ intensity of field X length . 


Quantity . 

Electro -motive Eoroo 
DilTerenoe of Potential 
Eosistance 

Capacity . 


Q y ^-3 ourront X time ^ OT 

V 

I ==s ev ^ work 4- quantity 

11 s=: eleotro-motivo force 4 - current . 

k 

V!i ^ quantity 4 - electro-motive forei* 


Sp. Ind. Capacity . . -- displacement force 

fcJolf-induotkm, or . ^„L}T energy HX (length)- 

“Quadrant” ) * * ^ (j 


LlMl 
j3^m\t - 

LT-^ 

L-^T 

L 


Xtatio of elimtro-magnotio to olectro-ataiic unit of quantity, v =- • 3 X 10 *^ 
eentimetros jicr second approximately. 


LT^^ 


( M ‘0 

eocMoso 

C 0 l >. 04 r -« 

OOrHC<» 

OOOO 


OiOCOCOCD 

0505rH«^0 0n?O«OO0H COc^StHtHCM 

(Mcoioeocio OirHCO'OCO OCO<©OS(?I 

OOOOO 0»HrHr-JrH W<NW(Ncp 

OOOOO OOOOO OOOOO 


O ^ kO CM ‘O 
05 ftO CO O* 
CO lO CO t- 


^,>.• TH 05 '<^ COOOOO ^>- H ^ _ 

CO 00"^ CO co»raa5‘f5co co-^odcoo oocoi-''^ o» r/a w oi o 

O O r-( (N CO ‘O I- 05 tH CO ‘O 00 »H CO t- O CO »- »rs cO CO CO 

OOOO ocpooo <No»cpcocp vo cp >;,«• «> 

OOOO OOOOO oocboo OOOOO OOOOO 

or ^ 

CO 00 »f5 kO b- 05 (50 O 

■^a5l>-b- ocooooo COOOkOkOr- rH «■- kO CD OS rHOIrHOl"- 

o o r-t CM CO »0 00 tH CO »« <50 rH "(H r/i r-l »0 05 CO CO CO rH CO «'/) 

o o o o O o o O rH tH rH iH 0-1 Ol <M CO CO CO tp CO W OS 

OOOO (00<000 000(00 cocbooo 0(0000 


r-i CO O 00 at iH CO 'iW -^t-COrHO* 
•tlC0(50Oe0 k(000(M(i005 COl-fMt'-CM 

OOOtHtH THrHC>»(>ICM C0C0'^'^»O 

0000(0 0(3cbo<0 (OOOOO 


t^b-rHCOOO rH«'-b-a5>0 -^(CDfMOfM 

kO»>-0(MvO 05(MCOOkf5 O»f5r-(l-C0 

O(0r-(rHTH rHOICMCpCO -H*^‘p‘pCO 

000(00 000 ( 0(0 < 00 ( 0(00 


0»0»0c0k0 CO r-l (35 (?5 05 05C(5(M-H0 

05 ^>5 >0 05 CO r/j C5 (50 CO <35 CO CO O (>0 
OOfHrHrH fi ^ KMCpCp ^ 

OOOOO OOOOO OOOOO 


OSiHOOOb- 00»O*'*-+('-H ClCOOrHI'- 

C(0<M‘0 0’^ 05kOrH<50‘0 CO rH 0 05 C/3 <35CMt-COfM 

< pTHrt < N(N <>» CO - t < r(<ko C 0 t ^( 50(»(05 TH > fftCpO (>> 

< 0(0000 < 00 < 0 < 0<0 < 00(000 

CD(50COrH<M OrH'fHr-KO 

rHVOOCO(>5 OSCO'^COOI COCO-^CD<35 <XiCOr/5cOO 

tH tH <N <>l CO CO ‘O CO b- r/j C35 O tH (M lO OC’ rH kC 05 

0<0000 ( 0 < 00 < 0<0 OOtHH (^ 


O ^ 

CO 


I COOOOO 
((0 CO rH r/l 
05 ‘O O lO 
I OO rH rH 


C/3 >0 tH (O 05 tH <>5 rH O b- 

»<Or-(00*OCO COCO’^COC/J (>5 1'- 05 c/j iQ O3C0C0rH»O 

rHt^SWcO-^ »p CD 5^(50 05 iH05*«tiior- rH(f3 05-^05 

<00(000 0<00<00 tHtHjHiHTH (T10105C0C0 

5 - 05^(05 05 

OlOOrHCO COrHI— '-H05 OlCO»0(y)CO CD »+( 5 • >D fSC > 

05 ep »p cp l-p5<0<>5'^ Cpf^<0<?‘5*p OCOOICpCO 

(OXOKOXOCO OChhAtH rHTH05Cr5(>l C0e0-^4('O 


05(30 005- K0'^050r- 

COOO‘ra-H ^0(30 00 0 00 OSOIt-COOl C0*0OC0‘0 <50 c/ 3 » *. rfl c/j 

CO CD rH (05 e0^cp<x<0 TH'»HCp03(N kpctt05»p<33 l-COSp5-ClCt 

I <00(0<0 (OOOOO TH»HiH»H(f5 (Nij'leOCOCO ■^‘b<bl^(yj 

' 05 

OOOrHOS -t(0 

b-.‘O00CO C050050110 OICOCO-H^O O5I-C/3C0O5 OSrHOSiOOf/) 

( OiHCN -^ cpcprH ' p ( l ^ tH » P < 33'«^<0 •^< 0 Cpcp <0 ■^OrHCOKO 

<0(0<0(0 (OCOtHrHiH CMCMCMebeb 4(»b‘bcbl- (VOrHrH^rH 


»H f/,1 05 W 
O rH (?J 4 ( ‘b 


»Q 05 (05 »0 5>. 
5- CO rH O C30 
tH (05 cb eb 


-pi CO 05 O c^l 
© »b rH I - CO 


005*<»t(»0<0 »prH«3Cp‘p COtHOSOIOS 

( 35 < 0 ( Nkp ^ (> 5 -^ ib 5-(35 (^atCMMCO 

5Ob-&0(O3rH rHrHrHrHiH OlOMCtOCO'^ 


O ‘CO CO CO CO 
(33 C35 rH ‘p <0 

webkbcbob 


r^Cpep(3pTH COCprHH(05 OH<‘005‘0 

O5tHC(0‘OC/3 (O CO CO 03 05 CQcb'b(cbb5 

tHtHtHtH O5O5O5CMC0 COrjCkfOCOl- 


rH *^ t ^ Cp 5 p HHCpCMCpcOS . 

i3>eNicb(0»b (0‘biHt-eb cb<b 

rH 05 05 CO CO -rH ‘O ‘fO CO 5- (05 


< yD ‘ 0 rH ‘005 rHCMrHO ^- 


o o o o o 

CD 5- C/j 05 C- 

rHrHrH rHCl 


10*10 7*02 5*10 3*95 3 12 i2-53 2 09 1*75 1*49 1-29 


68 


RADIO-TELEGRAPHY 


W 

I il'!’ 
i'- 


Table of Bd x 10^® fob use iit calculating Cobona Voltages. 


Nearest S . W . G . 

r . 

r '. 

Bd X 1010. 

(25) 

0-01 

0-012 

317 

(19) 

0-02 

0-026 

308 

16—17 

003 

0-041 

299 

(14) 

004 

0-055 

289 

12 

0-05 

- 0-068 

278 

11 

006 

0-082 

265 

9 

0-07 

0-098 

250 

(8) 

0-08 

0-118 

226 

7 

0 09 

0-143 

195 

5 

010 

0-164 

172 

4—5 

Oil 

0-179 

170 

4 

0-12 

0-190 

Constant. 

3 

0-13 

0-20 

5J 

2 

0-14 

0-21 


(1) 

0-15 

0-22 


1/0 

016 

0-23 

5} 

2/0 

0-17 

0-24 

5> 

3/0 

0-18 

0-25 

JJ 

3/0— 4/0 

019 

1 

0-26 

?? 

(4/0) 

0-20 

0-27 



Wire gauges in brackets are of the exact radius r given in the table. 
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TABLE 32. 


Table showing the Depth x cms. at which the Current Value is of 

THE Surface Value. 


/ cycles per sec. 

A metres. 

X cms. 

108 

3 

0-0029 

5 X 10 ^ 

6 

0-0042 

10 " 

30 

0-0093 

5 X 10 ® 

60 

0-0131 

108 

300 

0-0293 

5 X 10 ® 

600 

0-0415 

4 X 105 

750 

0-0463 

3 X 105 

1,000 

0-0535 

2 X 10 “ • 

1,500 

0-0656 

1-5 X 105 

2,000 

0-0767 

105 

3,000 

0-0928 

7-5 X 10 ^ 

4,000 

0-1070 

6 X 10 * 

5,000 

0-1196 

5 X 10 * 

6,000 

0-1311 

4 X 10 * 

• 7,500 

0-1465 

3 X 10 * 

10,000 

0-1691 

2 X 10 * 

15,000 

0-2070 

1-5 X 10 * 

20,000 

0-2395 

10 * 

30,000 

0-2930 


TABLE 33. 

Table of Aerial Form Factors a. 
« = 0-637 (l+f) sin 


L 

h' 

a. 

L 1 

h’ 

a. 

0-0 

0-639 

1-5 

0-940 

0-1 

0-696 

2*0 

0-958 

0-2 

0-741 

3-0 

0-979 

0-3 

0-777 

4-0 

0-987 

0-4 

0-806 

5-0 

0-993 

0-5 

0-830 

6-0 

0-996 

0-6 

0-850 

7-0 

0-998 

0-7 

0-867 

8-0 

0-999 . 

0-8 

0-881 

9-0 

0-999 

0-9 

0-893 

10-0 

1-000 

1-0 

0-904 

100-0 

1-000 
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SECTION III 

JilxAMiMJ': 1 (Eoriniila jwir. 5). — Find the ctipiicity of h plafco glasH 
condctiMor liaviiifi; 11 nu'-ta) .shoctH, each 40 x 20 cin.s. for cloctrod(\s 
(5 to oiui pole, () to th(‘- otlx'r poh‘). TliickiU'w.s of du'.h'Xitric =-- 1 cm. 
Take S.T.d. 8. 

A ■ - iiroa of work! 11 “' .sid('>s of platen (ioiuuaited to oiu^ pole 
n X 2 (40 X 20) r := 8,000 .S(|. cmn. 

„ A .k 8,000 X 8 nnr/To f i 

■ ■ "" 11-31 X 10«d 11 -31 X 10" X 1 "" 


Example 2 (Fonmihi par. 5). Find the capacity ])er foot of span 

for an acvr'ud of 12 wires r^OO cnis. apart and at a mean height of 
101 *5 ft. L(mgth of s|)an 900 luetrf'S. lladiiis of wire 0-3 cm. 

],000 (d and r in cms.) 


and 


^ 3f)0 (d and I in metres). 

By interpolation from Table 7, Bin 2-7»5 when or 442. 

From Table 8, B is lIbbS for n -- 12. 

17 X 12 

Wlience A' - , — 

12 Nog, :100 - 0-:il - " J j + log, 1,000 - 13-58 

17 X 12 

" " 12 (lh7o ~ 0-31 - iM) + — I;b58 

rr- 4*9 1 rnicro-inicro-farads per foot of span. 

ExAMPmo 3 a (L(m>nz’s (‘.qn. ; Formula par. 7).- -A long cylindrical 
indm^tiance coil is wound with No. 10 M.W.G. wir('. with a spacing for 
5 turns p(‘r cm. 

TIkj ov(‘.rall Imnidth of coil b — 15 cms. 

Radius of mean turn a — 5 cms. 

Turns n 75. 

Using Lorenz’s equation 

L, ^ r: an^Q, 

it will be found that Q -- 17-()24, for = 1*5 (from Table 9). 


USEFUL FOEMULiE AND EQUATIONS 


71 


L, = 5(75)2 17.624 = 496,000 cms. 

This requires correcting by the formula for AL. 

From wire Tables 15, the diameter of this wire is 0-1626 cm., and 
from the spacing the “effective” insulation diameter is D=0-2cm.* 

^ = 0-813 whence A = + -3500, Table 11. 

n = 75 „ E = + -3249, Table 12. 

AL = 4775 X 75 (+ -6749) 

= 3182. 

True E = 4 — AE = 496,000 — 3182 

= 4:92,820 cms. nearly. 

Example 3b (Rayleigh ; Formula par. 7). — short cylindrical 
inductance coil has 

breadth 6 = 2 cms. ; n = 10. 
radius a = 20 cms. ; d = 0*18 cm. ; 2) = 0*2 cm. 
Determine its true inductance. 

Using Rayleigh’s equation 

== 4:'7ran^X. 

From Table 10, Z= 3-886, for|= 10. 

.-. E, = 47720 X 100 X 3-886 = 97,700 cms. 
for the corrections A and B : — 

§ = 0-9, .-. A = + -4515 from Table 11. 

a 

n = 10, .-. B = + *2664 „ 12. 

AB = 4:i:an + B). 

= 4-7720 X 10 (0-7179) = 1,804. 

True B = B, — AB = 97,700 — 1,804 

== 95,900 cms. approx. 

* Note. — D in all cases is the diameter over the insulation (either solid 
covering or air spacing) of turns. 

Thus a bare wire 0*1 cm. diam. {d = 0*1). 
wound 10 turns per cm. D == 0*1 
„ 6 „ „ D == 0-2 

„ 2 „ „ D = 0-5 

and so on, irrespective of the covering material. 
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Example i (Stefan ; Formula par. 7). — A toroidal or flat spiral 
coil (pancake coil) of five turns, lias tlie following dimensions. Find 
its true inductance. 

Depth of spiral windings o == 5 cms. 

Radius of mean turn a *-= 20 cms. 

Axial breadth of coil b — 0*5 cm. 

(The coil being only one wire thick axially b = 0*5 cm.) 

For = 0-1. Tabic 13 gives 0-59243 and y^ = 0-1325. 


i.= 4.rf[(l + ?^)log. 

= 4,20x0'[(l + ?:gi??)los 


8a , 1 


160 

^(-25 + 25) 


- -59243 -4- 


-25 


6,283 [log, 3-185 0-59243 + < -000005]. 

6,283 [1-1584 - 0-59243]. 

= 3,556 cms. 

Corrections must be applied by A'£. 

Now d = 0-5 cm., and with 5 turns in 5 cms. of radial depth D 
must be 1 cm. 

D 

d' 


Whence 


2 . 


jKj from Table 13, for n — 5 is 0-01105. 

A'i -- imn (log, ^ + 0-13806 + cnm. 

= 47r20 X 5 (log, 2 -4- 0-13806 + 0-01105) 

= 1,256-6 (0-6932 + 0-14911) = 1,059 cms. 

True L = 4 + A7v -r 3,-556 ■+■ 1,059 == 4,615 cms. 


Example 5 (Formula, jiar. 8).— Calculate the mutual inductance 
between two coils ; each wound witli wire at 20 turns per cm. 


1st Coil. 

liadius A =10 cms. 

Breadth = 6^ = 12*5 ,, 

No. of turns = = 250 ,, 

fiTi =- 0-28876i = 3*00 „ 


a 

b, 

(Ji 


Distance between centres of coils d 


2nd Coil. 

-= 8 cms. 

= 10 „ 

= 200 „ 
= 2-90 „ 
••=27-5 „ 



,, P and S ~ = 0-885 


,, ,, Q and S — = 0*845 

From Table 14 for P and R 7 = 0 550 
,, ,, ,, P and S 7 = 0*304 

,, „ Q and R 7 = 0-970 

,, ,, ,, Q and S 7 = 0*486 

Mean 7 from above = 0*577 

Whence M = 0*577 VlO x 8 x 200 x 250 
= 258,000 cms. 

(The above example is taken out of W. H. Nottage’s article in the 
W.W., p. 526, 1915.) 

Exampi^e 6 (Equation, par. 9). — On plotting the complete double 
wave-tuning curve (or by measuring directly the wave-lengths of its 
two peaks) it is found that 

A." = 1,250 metres 
A' =1,150 metres 

The natural wave-length A being 1,200 metres, find the percentage 
coupling. 

(i.) Using Table 20 we find for = 1*087 that the percentage 

coupling lies between 7*86 and 8*60. By interpolation the 
value is about 8*30, 

or (ii.) Using Table 20, for = 1*041, K' = 8*37, 

A 

or again (iii.) „ „ ,, ™ — 0 * 9683 , K' = 8*24. 
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Thus lying on each side of the value found by taking the value for 

-jj. This is probably explained by the disturbance produced by the 

wave-measuring instrument on the separated circuits, or to inaccu- 
racies in determining A. 


Example 7 (Formula, par. 21). — ^The absorption constant a in 
this formula has different values assigned to it by different autho- 
rities. 

The general opinion seems to be that 0*0015 to 0*0019 represent 
the average limits as found experimentally; though in, wirelessly 
speaking, opaque ’’ zones a higher figure still would be necessary. 

Assume that I 2 must be 30 x 10 amps, for clear signals. 

Wave-length used 10,000 metres (10 kms.) = Ag = 100 metres 
or 0*1 km. 

Distance apart of stations d = 3,000 kms. 

Find the necessary transmitting current assuming a dissipation 
constant a — 0*0018. 

Kd 

■‘i — ^2 , 


* 4:-25hjh. 
30 X 10“® 


ad 

Vk. 


X 10 X 3,000 

€ VlO 


4*25 X 0-1 X 0*1 


21*18 €1-707 

2M8 X 5*349 
113 amps. 


Example 7a. — Two similar cruisers have aerials 50 metres high ; 
and employ a wave-length of 1,200 metres. 

Find the necessary transmitting aerial current for them to com- 
municate when 500 miles apart. 

(Take 40 micro-amps, as the current required to be received for 
strong signals.) 


Formula par. 7, 




Ad 


OVOlQd 
^ \/k 


amps. 


2 4*26AiA2 

The high value of the constant in the index of the exponential is 
taken on account of the short wave-length, with which there is 
greater absorption than with long wave-lengths. 
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d — 500 X 1*609 — 805 kms. 
]i =}i = 0*05 km. (similar aerials) 
X =1*2 kms. 


h 

h 


= 40 X 10-« 
= 40 X 10-» 


amps. 

1*2 X 805 

4*25 X 0*05 X 0*05 ‘ 


0 0019 X 805 

€ vrr 


= 3-635 . 6 


1*396 


~ 3*635 X 4*04 = 14*7 amps. 

In the above example, taking 0*0015 for the constant in the 
exponential ; and assuming an I^ of 20 amps. ; find the strength 
of signals at a distance of 1,000 miles. 


= Ji X 4*25 


h-th 




Xd 


-0*00 ir>d 
V\ 


20 X 4-25 X 


0-05 X 0-05 -O'oois X 1,000 X 1-6U9 


1-2 X 805' 


Vl-2 


0-00011 0-00011 . -.o 

- - 2 ^- = - Q. - Q - 4 - = 0-000012 amps., t.e., 12 
micro-amps. 


Example 8 (Formula, par. 23). — It is required to find the distance 
over the great circle arc, between Ban Francisco, and Choishi (Japan). 

San Francisco 6» = 37° 44' 40" N. 

a = 122° 24' £0" W. 

Choishi . . 6* = 35° 44' Oi" N. 

a = 140° 51' 12" E. 

Hav. <p = hav. ( (90° — d) — (90° — d')) hav. (diff. long) 
sin 90 — 0 sin 90° — 0'. 

= hav. (diff. 0) hav. (diff. a) sin 52° 15' 20" sin 54° 
15' 22". 

= hav. 2° 0' 32" -f hav. 96° 44' 28" sin 52° 15' 20" 
sin 54° 15' 22". 

= -000307 -f- 0-558694 x 0-7907 x 0-8117. 

= -358889. 

(ji = 73° 36' 26". 

whence d = 60 ^ = 60 x 73-608. 

= 4,416| miles. 


(Haversine Table 6.) 
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Example 9. — Determine the probable value of the resistance 
decrement for the following oscillatory circuit. 

Inductance .... 85,000 cms. 

Wave-length . . . . 300 metres. 

Frequency . . . . 10^ 

Spark length .... 0*25 cm. zinc balls. 

Length of wire used in circuit . 25 metres. 

Size of wire ISTo. 22 S.W.G., D.C.C. 3 strands in parallel. 

Diam. d (per strand) == 0-7112 mm. (Table 15). 

High frequency resistance per metre of single strand for 10® 
frequency = 0*128 ohm. (by interpolation from Table 18). 

H.F. resistance of 25 metres of 3/22 (each strand D.C.C.). 

= = 1.066 ohms. 

Spark resistance for above gap (Table 25) = 8-4 ohms. 

Total H.F. resistance = 9-466 ohms. 

R' 


Resistance decrement hr 


4:nL 


per half-period. 
9-466 

4 X 10® X 85,000 X 10-^^ 
0-0278 per half-period. 


f 








Example 10 . — Centrifugal Force (Equation par. 30).— The cen- 
trifugal force acting on a body rotating at a radius r feet at a 
given speed is 

F = 0*00034r (R.P.M.)^ times its mass. 

Example : A long radial tooth of a disc discharger weighs 6 ozs. 
The speed of disc is 3,003 R.P.M. Find the pull tending to strip it 
out of the disc. Its centre of mass may be taken as revolving on 
a 2-foot radius. 

F = 0*00034 X 2 X (3,000)^ = 6,120 times its mass. 

Pull = 6,120 X 4 lbs. 

Id 

= 2,295 lbs. or just over 1 ton. 





.4 


i 

I 
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Example 11 (Equation par. .10, Table 31 ). — On the Radiation 
Resistance and Radiation Decrement of Aerials . — The radiation of 
energy from an aerial affects the oscillations therein, as though the 
aerial was possessed of ohmic resistance ; and the value of this 
‘‘ resistance ” can be expressed as 

R = IGOtt^ (x) 

where h is the aerial height in metres 
X is the wave-length transmitted 

and a is called the form factor of the aerial. 

Aerial Form Factors . — A straight single vertical wire antenna, 
working as a simple ’’ aerial without added capacity or inductance, 
has a current distribution which can be approximately represented 
by a straight line having a maximum current value at the foot of the 
antenna and a zero current value at the top. 

The form factor in this case would be a == 0*5. 

As soon as the top of the aerial is increased in size and therefore 
.capacity, the law of current diminution from the foot to the top does 
not follow a straight line law, but follows more that of a constant 
+ a sine law. 

2 

For pure sine law distribution of current a = - = 0-6366. 

Generally, however, not only is the aerial heavily loaded at the 
top with capacity, but, in addition, has a series inductance near the 
base, which latter, in conjunction with the capacity top tends to give 
a more or less uniform current distribution on the vertical portion- 
For such a uniform distribution the form factor a = 1*00. 

For most commercial types of aerial the form factor a will be quite 
near unity. 

The above expression is 

R=a? [i 60>72(J) ohms. 

The values of the part in the square brackets is tabulated in 
Table 31, when (if a is taken as unity) it gives directly the radiation 
resistances for aerials of various heights and oscillating at various 
wave-lengths. 
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Example: Find tl)e radiation rc'sistance and radiation decrement 
for tlic following case : — 

Ship’s aerial h = 50 metres 
\ r- OOO metres 

whence n -- --- =- 500,000. Take L 80,000 eras. 

^ (assumed). 

Take form factor a — 1*00. 

Radiation resistance (from Table 81) for A ="50 and \=r™600 is 
11*0 ohms. 

Radiation (lecrement S — ^ 

inL 4 X 500,000 x 80,000 x 10 ^ 

r ^ 0-0087 

say 0-07 per sc'ini-period. 

Example 12.— On the Delmmnation of the K.W. and Aerial 
Capacity for a given ASYa/ion.— The following must be known : — 

Hpark train frequ(^ncy N — 600 say 

Log. dec. of station . B = 0-05 
Aerial current . . 7^ 100 amps, say 

Wave-l(*.ngth . . A (>,000 metres 

a V I OH 

whence n ■ . ,,,7,, - 50, OOO ix'r s('c. 

p — 2’jTn = - 814,1()0. 

It is n(iC(‘Hsary to determine th('. enc^rgy ])(‘r spark in the aerial 
circuit, and to do this the aerial capacity and charging voltage must 
be known. There arc an infinite number of aerial capaciti(\s and 
charging voltages that would enable an aerial curremt of 100 amps, 
to be obtained ; but by an inspection of a few parallel examples it 
will be noticed that a few only fall within the bounds of ])Tacticable 
engineering. 

A tabular construction is a clear way of aiTanging the calcula- 
tioiis for the purpose of choosing corresponding values of the several 
inter-related functions of an aerial. 

From the following example it will be clear how inadmissible is an 
aerial capacity of 0*001 mfd. on account of excessive voltage and 
power required in its. operation. 
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Similarly, an aerial capacity of 0*03 mfd. would be on the higb 
side, for tbe aerial voltages and power are needlessly low for the 
case in hand. 


— 0*001 mfd. 

0*005 

0*008 

0*01 

0*015 

0*02 

0*03 


mfd. 

mfd. 

mfd. 

mfd. 

mfd. 

mfd. 

T/ J RMS 







100 







o-oofx To-^x 

= 318,300 volts . 

63,660 

39,800 

31,830 

21,210 

15,960 

10,610 


volts 

volts 

volts 

volts 

volts 

volts 

- FaRMS X 5*772 
= 1,838,000 volts. 

367,600 

229,700 

183,800 

122,500 

92,300 

61,200 


volts 

volts 

volts 

volts 

volts 

volts 

Energy per spark : — 

= 4 X 0*001 X 10-6 X 
(1,838,000)2 
= 1,088 watt-secs. 

337*5 

210*8 

168*8 

112*6 

85*0 

56*6 


watt- 

watt- 

watt- 

watt- 

watt- 

watt- 


secs. 

secs. 

secs. 

secs. 

secs. 

secs. 

K.W. at 600 spark trains 







per sec. 







1,688 X COO 

1,000 

= 1,012-5 K.W. 

202*5 

126*5 

101*2 

67*5 

51 

34 


K.W. 

K.W. 

K.W. 

K.W. 

K.W. 

K.W. 


It will be seen that as the aerial capacity goes up the K.W. 
required by the aerial go down, so that a final decision cannot be 
made on a voltage basis alone. For instance, in some localities 
power might be abnormally expensive and land very cheap, in which 
case a higher aerial capacity would be chosen than in a place where 
power was very cheap and land more expensive. In any case a 
large aerial is an expensive structure and its dimensions must be 
carefully chosen so that the best design may be arrived at for the 
particular station in hand. 


Example 13 . — An interesting example on the number of watts 
received hy an aerial. 

Spark train frequency 400 per sec. 

Log. dec. 3 == 0-08 per semi period 
Wave-length A =;= 600 metres 
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whenco oscillation freq^ucncy =-=; 500,000 per sec. 
Received current /n -- 40 niicro-atnps. 
InductaTice in aerial -= 100,000 cnis. 
Capacity of aerial ~ 0-001 infd. 


Entergy per train — ^ 


r /8nS 

- - ims y' ^ 

-/in V m o /« X X 0-08 

V 40(r~ 

- 1,151 X 10-« amps. 

= IL . /“man ill- henries). 

= I X 0-0001 X (1,13P) X 10-1*“ 

- 04 X 10 -watt-secs, per train at 400 trains 

per second. 


Received watts in aerial = - (>4 x 1 O '** x 400 

0-025() X 10“® watts 

or • rr- 0-025() micro- watt. 

Since the energy per train also = {K in farads), the 

receiver maximum voltage is 

l^iumx 0-358 volt. 

V 0-001 X 10 « 


and F, 


40 X 10-« 


ttMs “ ().()oi X 10-« X 2w X 500,000 

0-01272 volt. 

ThuB true wattB r--; ()-02r)() x 1 

and apparent wattB 40 x 10"”^ x 0*01275 

— 0*5088 x 10™"® volt-amps. 

It Bhoiild be noted that the ‘‘ true watts ’’ obtained in this calcu- 
lation assumes that the effect is spread evenly over a considerable 
time. In other words it takes no account of the fact that this 
number of watts comes in at a very much higlun* value during each 
wav(vtrain ; arid the sound-producing effect is to a great extent 
determined by the rate at which energy is coming in, over the period 
of the wave-train. It is obvious that no Bound-producing effect 
is (exerted betwciui wave-trains. 
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Considering the wave-train as non-effective after 100 half oscilla- 
tions 

ryi = j l j where S is the log. dec. per half period. 

- 

0-08 
= 58-5 

Thus the wave-train may be said to be over in 29 to 30 cycles. 

30 X 1 

Hence, duration of each train = = 0*00006 sec. 

500,000 

Watt seconds per train == 64 x lO""^^ Joules. 

Watts expended during one train of waves arriving 

64 X 10-12 
” 0*00006 
= 1*066 X 10-6 watts. 

= 1*066 micro-watts. 


Example 14. — Maximum and R.M.8. Currents flowing in Trans- 
mitting Station Circuits, — Aerial Earth Circuit. — A station has an 
aerial current of 100 amps. E.M.S. and a capacity of 0*015 mfd. 
(A == 6,000 m.) Find the maximum value (/2max) aerial current 
oscillation. 


7 2 

2 max ■ 




Zg and being in farads and henries. 

Kow Faraiix was found to be 122,500 volts in Example 12. 

L— 676,000 cms. or 676,000 x 10" 

(69-6)aZ2„,a«. (59-6)2 0-015 

henries. 


/ o-ois' xlo-«“ 

V 676,000 X 10-9 
575 amps. 


X 122,500. 


Primary Coupled Gircwit. — Assume transformer maximum voltage 
= 40,000 volts. Determine the maximmn and R.M.S. currents in 
this circuit, taking K-i== mfd. 
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6,0002 


50,350 cms. 


7 2 

1 max 


(59-6)2Zi (59-6)2 X 0-2 

^ 7Anax) -K being in farads and L in henries. 
•^1 


^imax ^ ^ g X 40,000 

imax Y ^ 




= 2,525 amps. 


-2.525^j 


600 


8 X 50,000 X 0-05 
= 437 amps. E.M.S. 

It is this current which is taken when designing the size of con- 
ductor for the circuits and inductances carrying it. 


Notes on Example 15. —TAe Tone Wheel — This consists of a 
notched disc with a fine brush making contact with the projecting 
teeth. By running this disc at a steady speed, greater or less than 
that corresponding to one contact per cycle, a low-frequency 
alternating current can be obtained of audible frequency. 

Let 2Z = T, the time of one complete cycle of the high fre- 
quency current. 

Let X hX = time of contact 

= time of interruption, 

i.e.. The speed of the disc is less than that corresponding to synchro- 
nism, and isS — hs where S is the synchronous speed. 



l + «‘ = ^ + «^-s4si- 


For a '' slow disc. 


Let T' be the time period of the resulting L.F. current 

T' 1 1 _ 1 

- S - {S {h + is) -S~ is 


Thus 


r__s 

T ~ is 


Hence for a given value of the high frequency {i.e., given S) the 
ratio of the two time periods depends solely on is, the amount of 
a synchronism. 
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Example 15. — 

Let A = 10,000 or - = 30,000 
Let disc have 500 teeth 

whence S = 60 revs, per sec. or 3,600 revs, per min. 

Find what speed the disc must be run to generate a low-frequency 
current of 1,000 


T ~~ 
8s := 


30 = 

3,600 
30 ' 


Ss 


120 E.P.M. 


This is the difference in speed between the disc speed and the 
synchronous speed of S, 

Thus the disc can be run at either 3,480 or 3,720 E.P.M. 

Example on Selectvoity of Tone Wheel , — ^Let two stations having 
frequencies of 40,000 and 42,000 respectively be working simul- 
taneously. 

Let the tone wheel speed correspond to a frequency of 39,000. 

The first station gives 

40 

T “ 1 


whence the low frequency = 1,000. 
The second station gives 



whence the low frequency = 3,000. 

This example illustrates the fact that stations whose frequencies 
are nearly equal, do not produce low-frequency currents of anything 
approaching equality. 


Notes on Example 16 . — The Poulsen Tikker . — The principle of 
this devise is dealt with in text-books. Briefly it consists of a 
vibrating contact device, by means of which a closed receiving 
oscillatory circuit condenser is switched on to a telephone by each 
vibration. The energy accumulated during the period that the 
vibratory contact is open ” is suddenly released into the telephone 
circuit. As the vibration is of audible frequency the telephone 
diaphragm emits a note corresponding to this contact frequency. 
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Exam'ple IG on TikJcer Working . — 

Let Tikker frequency of contact = 400 per sec., A — 300 m., kigli 
frequency = 10^ per sec. 

Let duration of a dash be 0*5 sec. 

Number of waves = ^ = 500,000. 

10® 

Energy released due to each contact of tikker is that due to 

— 2,500 waves and this is released each time the contact closes ; 
which is 200 times for a dash, on the above assumptions. 

This is comparable with there being 2,500 oscillations per '' wave- 
train ” if it was a spark sender. Usually the number of waves per 
train in a spark system is not much over 200 to 300. 

Notes on Example 17 . — Corona Effect . — Two conductors when 
at a high difference of potential, will under certain conditions produce 
a corona or silent electric glow discharge. 

Such a discharge if very pronounced produces a serious loss of 
energy, hence it is desirable to be able to design circuits carrying 
high voltage currents so that no such corona occurs. 

The absolute temperature of the air, the barometric height, the 
size and spacing of the conductors determines the p.d. that will 
start a corona. 

Let h = barometric height in inches. 

T = absolute temperature in degrees Fahrenheit (r= 459-2) 

where t is the thermometer reading in degrees Farenheit. 
r' = effective radius of conductor (see Table 31), i.e., the radius 
of the conductor + the depth of the weakest zone of 
atmosphere surrounding the conductor. 
r — radius of conductor in inches. 

I = distance apart of conductors in inches. 

Then -^'2-055 /logic Q x Bd x volts. 

or = 36,800 — logic (J) X Bd x IQi** volts. 

A simplification takes place if one takes air temperature 60° F. 
and barometer 30-00", again using Bd x 10^® as this occurs in the 
tabulated values 
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r 

I 

The above formulae are intended for similar parallel conductors 
between which the potential difference found from the expression 
is the maximum that can be applied without serious corona loss. 
For conductors such as a single aerial wire, with the earth’s surface 
as the other conductor, the above can be used as a rough guide only. 


^ X Bd X 10^^ volts approximately. 




2,125*5/ lo, 


bio ' 


where 


E = 


27 rr"Bd 

K 


volts. 


K = farads per cm. length of wire 
/' = radius of wire in cms. 


This may be of use in certain cases where the capacity of an aerial 
wire is known, and the value of E^^^^ for the wire is req^uired. 


Example 17a. — A horn lightning arrester is placed at the lead-in 
terminal of a wireless transmitting station. 

S.W.G. == 1*0, i.e., T == 0*15 inches. 

The rods are 4 inches apart at their nearest point. Taking the 
standard air conditions, what will be the maximum voltage that can 
be employed without a corona appearing. 

= 2.125 X 0-22 X log,o x 170 

== 79,500 X 1-4249 
= 113,200 volts. 


Example 17b. — Inductances and connections in a certain station 
are made of J-inch copper tube. They approach within 3 feet of 
metallic structures in the station. 

Find the corona voltage. 

Take station air temperature 70° F., i.e., 529° F. abs. 
barometer reading 29-5". 

igmax- — X 2-055 (0-376+ 0-07) x log,„ x 170,000 

= 307,000 volts. 
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Notkm on Examj»le 18 . The Full of an Iron Cored Solenoid on an 
Armature, for miall Air Gaps , — 


Lc^t B(/ ==: Dc'iinity in air in linen per nq. cm. 

1-257 X amp. tiirnn per cm. length of gap. 
Ag area of gap in h( 1 . cmn. 

Tlien F -- pull in kgrn. 


Bcj^Aq . 

_ — *' KCfTfl 

SirQSl.OOD ■ 


Inductanco. of Holonoid 

, 0-707 T6 , . 

Tj =rt “T“ nonricB, 

10® / 

wli(‘r(‘ T - number of turiiH on solenoid 
<p r toal flux -- Bg x Ag 
1 magmdiising current in amperes. 

Current value*, and li(‘nce pull at any time i, after e-losing the mag- 
netising circuit 



where E -- e.m.f. of source used for solenoid. 

R -z total circuit resistance in ohms, being the ‘‘steady” 

current of the cir(‘.uit. 

L " - inductance in llenri^^s. 
c ™ ■ base of Napi(‘-rian logarithms. 


Example 18 . — It is required to operate a certain high speed 
signalling key of short movement. The armature gap is 0-5 cm- 
The time available for obtaining a magnetis ng current to give the 
reepured rninirmrm operating pull of 5 kgrs. is O’OOf) sec. Propose 
a suitable solenoid to operate off a 20-volt, local battery. 


Take Bg 10, ('00 lines per sq. cm. 

. P X Stt X 981,000 
Prom equation lor pull Ag 

5 X Btt X 981,000 . ... 
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Ats. per cm. length of gap = = 7,960. 

Ats. for' above gap = 3,980. 

Use a suitable wire for 5 amps. 

Turns = 796 or say 800. 


Inductance of solenoid L = 9 ^ ^ 10, 000 x 1'232 

108 X 5 

= 0‘01394 henry. 


The resistance of the coil would have to be found in design by 
trial and error. With a suitable arrangement R = 2-25 ohms. 

Now the current after t = 0 005 second must be 5 amps, or more. 



€ 


1 

2 5 X 0*006 
0*01394“ 


) 


amps. 


= 8-89 




1 

^0*898 


) 


=: 8-89 (1 - 0-408) 
= 5*26 amps. 


Notes on abacs and Examples 19. — On the determination of 
capacity , inductance, and ivave-length of ontennce . — (Abstracted from 
Dr. Eccles’ article in the '' Year Book of Wireless Telegraphy, 
1916,” pp. 616—624.) 

Let = equivalent inductance of antenna. 

K^== ,, capacity of antenna. 

= ‘‘ unloaded ” or natural ” wave-length of antenna. 

L and K == added inductances and capacities. 

A = wave-length resulting from the added Lon K ox both. 

Use of Abacs . — (1) Eor any known ratio of new wave-length (A) 
to wave-length when unloaded (A^), the corresponding ratio of capa- 
city of added series condenser {K) to capacity of unloaded antenna 
{Kq) can be read off, or vice versd. 

(2) Abac 2 gives corresponding values of the two ratios of wave- 
length and inductance. 



RaJtio of InduHatice of Tunhtg Coil to Indmdance of Unloaded Antenna 
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(Note. — In the application of (1) and (2) it is assumed that only 
added capacity or inductance are present. In the following (3) to 
(5) both capacity and inductance are added together.) 

(3) (4) (5) These are all similar, and give corresponding relations, 
of three ratios (inductance, capacity, and the resulting wave-length 
ratio), each abac dealing with a limited range of wave-length ratios 
Knowing and it .is required to find for a given added 

L and K what the resulting wave-length A will be. 


L K 
Find ratios and ^ . 

Ijo 

Then with a straight-edge or black thread, join these two ratios, 
and find where the same straight line intersects the wave-length 
ratio curve. 


This gives whence A = ratio found x A^. 

The third of the subsequent numerical worked examples illustrates 
the use of these abacs. Obviously other inter-relations can be 
found, knowing any two complete ratios, and a member of the third 
ratio. 

Determination of A,,, and : — 

(A^^). — This is easily measured by means of a wave meter and 
buzzer, with a h.f. galvanometer in the antenna circuit, the wave 
meter being coupled to the antenna by the smallest possible coupling 
loop in the latter circuit. A simpler method consists of exciting the 
antenna across the break points of a buzzer and measuring A^ by 
means of a loosely coupled wave meter. 

(Zo)- — Add a known capacity K in series with the antenna whose 
effective capacity is to be found. 

Measure the new wave-length A. 

Then ^ if lying between 0*52 and 0*98 will be found in abac 1, 
opposite which ™ will be found. 


For example, let ~ 

Art 


0*76 when K was 0*001 mfd. 


From abac 1 ^ == 0-9, whence == 0*0111 mfd. 

iiy u*uy 

{Lq), — Add a known inductance L in series with the antenna 
whose effective inductance is Lq to be found. 

Measure the new wave-length A. 
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1’Iicn -- if lying .botwcuni 1.-01 and 100 will bn found in abac 2, 
L 

ojvposito. wliicli Y will found. 


For exani])le, h't ;■ r - 1*2 wlien L was 4(),()()() cms. 

A,, 


From abac 2, ^ 0-2, wbcnc(^ 


200i)()0 cms. 


Since Y 11*774 when K (abac 1) 

and -- 1-84 wlim L (abac 2), it follows that a simple 
A« 

])roccduro can be arriv(xl at for (hdierminin^ /v,^ and as follows 

— Find such a value of K, which, when placed in series with the 
aerial, the wave-len^^th k is 0-774 times the natural wav(^-length A^. 
Then K K,, 

That is, (i.) Find X,. 

(ii.) Calculate^, what \ 0-774X„ is. 

(iii.) Vary K till Wiive-huigth is X. 

( V.) Measure K so found, which is (xpial to /Vy. 

Ly.— Find such a value of L, which wh(‘n placcxl in s(‘,rics with thci 
aerial, gives a wave-length X 1-84 timers the natural wave-length Xy. 
Then L so found - ■ L,,. 

That is, (i.) Find X,,. 

(ii.) Calculate what X — l*84Xy is. 

(iii.) Vary L till wave-length is X. 

(iv.) Measure or calculate L so found wliich is ecpial to 

The above enables /ly, Xy, and Xy to be obtained. It is now 
required to find the wave-length of the antenna under working con- 
ditions, that is, with either series inductance or capacity, or both. 

Tb(‘. following thre(‘, examples are taken directly from Dr. Kccles’ 
arti(‘J(‘ (/oc. ciL) and illustrate the use. of all his abacs. 

Example 

Let Xy-^ 142,000 cms. 

Kq === 1,680 cms. (B.S. units). 

Xy -- 618 metres. 

(Notr. — I n practical forma of antenna the capacity and inductance 
are distributed, and the effective capacity and inductance 
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(l(‘|)(^.ii(l on tlu^ fr(‘.(iu(ui(y, ho that each individual canoi niunt be 
(^onKider(‘d for a apt^c-ilunl wave-lengtli or frcupiency. The most 
d(‘.firiit(» in(d»hod about whi(‘.h there can be no doubt, in the natural 
wav(‘“l(>ngth or fretiiKUioy of the aerial.) 


MxAivinui^i 19 a.” Ij(‘t no indu(dane(‘. Ix^. added. 

L('t H(vrie,H eoiuhuiHcu* ha<v(‘. a capacity 

K ^85 (noB. 

'TIkui ^ 0-28(). 

Al)aC‘ I |i:i v(‘H for thin (‘.a|)acity ratio the wave-length ratio — = 0*623. 

^0 

Th(^r(vfore X ^ ()'()23 x 618 • 385 inetreB. 


JllXAMrntc 19 b. • lAd. no ca|)acity bo added. 
L(d> th(^ add(‘d indu(itaue(‘. be 682,000 ctuH. 


Tluni 


L ()82,000 
L, 142,000 ' 


Abac. 2 giv(^H for thin iudu(‘.tance ratio the wavt^-haigtli ratio 
^ 3*56. 

''rhercvfore k 3*66 x 618 : r 2,200 metren. 


Mxambl^ 19(1.— L(d) l)oth capacity if 1,030 cnm. and inductance 
L 27,300 crtiH. lx’s connected in RoricH with tlie above aerial. 

Ij 

Inductance ratio — 0-192. 

A; 

(iapacity ratio ^ 0*614. 

Mark th('H(^ oti iiheir rt‘H[)ective ratio ax(‘H on abac 3, and by 
Hi.n'tc.hing a linn, i-hnnul or by uu^anH of a Htraight-cxlgcv, n^ad iho 
inter(‘H(*.l.ioii wit.li i.h(‘. wo,v(vl('ngth ratio Bcal(‘. 

^ in thin case is 0*79. 

Ao 

ThuH A : 0*79 X 618 - ^ 488 nietreH. 

On (U)upling, (Jetun’ally HpcMikitig, the c.oefhchuit of c.oupling in 
Hniall. For Huch nHutHunuTuuitB an have been dcHcribed the coupling 
(mn lx's made very Hinall. 
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Tlie added inductance of a coupling coil is L{1 — P) where k is 
the coefficient of coupling. 

Even where !'= 10 per cent., the error in L is only 1 per cent., 
which is usually negligible. 

Where k is known it can be used to modify the value of L in the 
manner indicated, though it has generally an insignificant value. 

Where L itself 's small compared with then the result of t king 
L{1 — k^) or simply L is the same. 

Example 20 (Formula par. 7). — A terminal choking coil of a H.T. 
transformer is wound with 500 turns of wire with a spacing of 10 
turns per cm. The coil diameter is 8 cms. and length 50 cms. Find 
its approximate inductance. 

Formula L — iir^a^N% cms. is accurate enough for coils of this 
description. 
f^ = 4,6==50,W=10. 

L=47r2 16 X 100 X 50 cms. 

— 3T65 X 10^ cms., or about 3 milli-henries. 


Example 21 (Formula par. 5c). — Find the capacity of a moving 
plate condenser having a composite dielectric of ebonite and air. 
Distance apart of plates (j! == OT cm. 

Thickness of ebonit^ dielectric 0-08 cm. 

Specific inductive capacity k = 2*5, say. 

Moving plates i? = 6 cms., r = 2 cms., 20 in number. 

Area = — r^)n = 7r(6^ — 2^^) 20 = 2,010 sq. cms. 

Equivalent air thickness 

= (d -i) xj= (0-1 - 0-08) + ^ = 0-052 cm. 


K 


2,010 

11-31 X 10» X 0-052 


0-00342 mfd. 


Example 22 (Formula par. 5d). — Find the capacity of two parallel 
circular metal plates 30 cms. in diameter (r = 15), separated by 
mica dielectric OT cm. thick. 

Take S.I.C. k= 5. Thickness of metal = 0-25 cm., 


i.e. r = 15, d = 0-1, t = 0-25, k=6. 
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w 1 ^ flS" , 15/, 167rl5(0-35) , 

From 5d. K = ^1 + j^(log. - 1 


0-25 , ^ ^ 
0-1 "*0-25, 


9 X 10® 


[^563 H- 1-193 (2-303 log^Q 26,400 - 1 + 2-5 x 2-303 
logiol-^)] 9 ^^105 mfds. 

[563 + 1-193 X 10-022] mfds. 


9 X 10® ' 


563 + 11-96 


0-003188 mfds. 


9 X 10® 


Neglecting the effect of t and using the simpler formula, 


Z = 563 X Q I = 0-003125 mfds. 


Example 23 (Formula, par. 27).— A stay wire is attached to a pole 
400 feet above the ground (b = 400). 

The distance from the anchor point to foot of mast a = 300 feet. 
The height of the point at which the tangent to the stay at the 
ground intersects the pole c is 370 feet. Find the tension in the stay 
for a cable weighing 1*5 lbs. per foot. 


T-i-al???’ 


= 1-5. 


2 (400 - 370) ■ 

90,000 + 137,000 

■ TTM 


= 5,670 lbs. 


Example 24 (Formula, par. 29). — A bobbin of wire is kno-wn to 
have a core diameter of 1 inch (d = 1). The outside diameter D is 
3 inches. The length of -winding between cheeks I = 6 inches. 
Diameter of covered -wire S = 100 mils, {i.e., 0-1 inches, found by 
counting, if the winding is neatly done, i.e., 10 turns per inch in this 
case). Find the length of wire on the bobbin. 
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L = 21,820 X (D2 - d^) yards 
6 


21,820 X 

21,820 X 6 X 8 


(32 - P) 


10,000 

104-8 yards, say 105 yards. 


Example 25 (Formula, par. 11). — Find the relative increase in 
resistance of a wire 5 mm. diameter compared with its c.c. or 
steady current resistance for a frequency of 5 x 10® (A = 600m). 
This frequency may he called high, and therefore formula : — 

Hn = r\/ 0*0058n can be used, 

r = 0-25 ; n = 5 X 10®. 


Then p == 0-25\/0*0058 x 5 x 10®. 

•^o 

== 0-25^2,900 
= 13-45. 

Taking Wire Table 18 for higb frequency resistances of copper wires, 
Jig for 1 metre of tkis wire = 0-000886 ohms, 

J2„ „ „ „ = 0-0124 ohms at n = 5 x 10®, 


whence ^ ~ Zenneck’s table slightly high 

compared with Rayleigh’s formula. 

For n = 5 X 10^ (A = 6,000m) in the above 


A 

Rn 


by formula = 0-25\/290 = 4-26. 

from table = ~ slightly higher than by formula. 


Notes and Example 26 (Synopsis of formulae, par. 11, of equa- 
tions). — High frequency current distribution in conductors : — 

Let fM == permeability of material of conductor. 

0 - = specific resistance of conductor. 

j) = 27t/. f= cycles per sec. 
a = radius of conductor in cms. 

X == depth from surface in cms. 

7^ = current intensity at depth x. 

Imsx = » smrface, 
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Then current at any instant at depth so is 

h = COS — (^“) *) ] • 

The actual distribution of current is independent of time, and 
laking the case of copper, where /x = 1-0 and cr = 1,(500, 

~0‘15708^ Vf 

h 

Again, for copper 


r...= € 


• (i-). 


I\m is approx. = 


IK 


2a(0-] 5708 V/) 


, where / is great, 


I\r 


So that 


or 


0-3141 GaV/ 

■^RMS ^ 

•^max Vo-31416a\// 

-^ma.'c = 'V^0'31416a V/ 


• (ii.) 


From (i.) 


V/ 


From (ii.) 


Iems V'O-SlIJOrt V'/ 

" "^o-iWdHjr a// 


Tims, in order that the currevnt at a deptli x cms. ma 7 be j^j^^th 
of the E.M.S. current carricnl by the conductor, the following 
relations hold 

1 _ Vo^MlfirtVJ 

Kio ' VriMOH^ V7 ' • 

so that 100 Vo- 3 r 4 10^7 • • ('ii-) 

Thus for any given conductor size (radius a) and froqiumcy /, a 
depth (x cms.) can be found at wliich the (uirrent intensity is i ^^otli 
of the R.M.S. value carried by the conductor. 


Example 26a.— Find the value of a? for/ = 5 x 10^ {i.e., k ~ 6,000) 
so that the current maybe j^^^^th of the R.M.S, value, the conductor 
radius a ” being 1-0 cm. 

H.T. \l 
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^O'lOTOHa; y'5 ^ 


wlicncHs 


3! ^ 


- ()-l919 cm. 


From (iii.) l()0x/0-.‘n4ir) x l-O^n x HH - 

839 n.. 

=: 2-303 lo^r-i 839 
-- 2-303 X 2-9238 
2-303 X 2-938 
" '35-T5“ 

IJcncc, in the aboves caHC. a tulx', 2 cmH. dia7iict(^r witF wall 0-2 cm. 
tliiok would oF<',r just about as much carrying caT)acity as Eui solid 
rod 2 eras, in diaTuctcr. 

A more usual case is where it is required to find x such that the 
current ^intensity may be some other specified fraction) 

of the “ skin ” or maximum current intensity. This will now bo 
dealt with. 

— f - o-iBToat ./y * 

™ fOO' 

.V 


From (i.) 

Thus 

whenc(‘. 


‘ max 

100 ^ 


say, 

X 2-303 lop, 7/ 100 


and 


4-000 

0-15708x>// - 4-000 


(iv.) 


ExAMimK 20 u.- For a freqmuicy /=. 0 x 10^ (A = O.OOOm) find 
th(7 valm* of X where the currirat intensity is .,i„.th of the maximum 
or ‘ skin intensity. 

4-000 


From (iv.) x ■■ 


' 0-10708 Vh X 10'‘ 


: 0-1311 cm. 


Exampxj<3 20n. - For a fn^ipK'miy /. : n x ]()'' (a ^ . 0,000w,) find 
the value of tlic current intensity in t(u-ms of tlui ma.ximura or surface 
value at a point x ^ ^ 0-1 cm. below the surface. 

From (i.) the value is L 

^0 1570H X () 1 ^ JQ4 

1 

^8‘51 

1 

i4-2i 

- ^ 0‘()7(M of th,(^ ‘‘ Hkiu ” or inaximiiiri valuo. 

.Example] 2(h). — E ind tho valiu‘. of tlio Hkiu ’’ oiirreut iutciiHity 
coitiparcul witli the value of the ll.M.H. ( iim'ut, for a wire 0*25 oui. 
radiuH wh(‘xefr(H|uency 5 x 10^ (A (K)0 /m). 
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Kearranging (ii.) = N/0-31416a^»K 

= x/o-31416 X olShS;^ 
= 7-47. 
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Table 33 lias been wcrrked out from formula (iv.) and gives a few 
values of x for various frequencies at wbicli the current value is 
■jJ^tb of tbe maximum or skin ” value. 

29*30 ... , 

X = — 7=: cms. (iv.) modified, 
x/ / 

Notes 27. — Notes on Insulating Materials. (Data abstracted 
from Standard Handbook for Electrical Engineers/’ McGraw.) 

General . — Tbe first requisite of an insulator is that it must resist 
puncture or breakdown by the maximum e.m.f.’s, to which it may 
be subjected under working conditions. 

The working conditions in wireless telegraphy are often, compara- 
tively speaking, severe, for, owing to the high frequency at which the 
electric stresses alternate, and the high maxima existing compared 
with the E.M.S. values obtaining, materials in general will break 
down under comparatively speaking low e.m.l’s. 

High temperature lowers the dielectric strength of insulating 
materials ; and high frequency e.m.f.’s produce considerable heating 
in a dielectric if the stress is-at all great. 

Moisture will reduce the dielectric strength of materials which are 
hygroscopic, and tend to reduce the voltage at which flash over ” 
occurs with non-hygroscopic substances such as glass, porcelain, etc. 

The following gives a few of the different classes of dielectrics 
available : — 


! 

Dielectrics suitable for 
High Temperatures. | 

Dielectrics suitable for 
Damp Situations. 

Mechanically strong 
Dielectrics. 

Aetna. 

Mica. 

Aetna. Gutta Percha. 

Aetna. 

Micanite. 

Ambroin. 

Mineralite. 

Ambroin, Horn Fibre. 

Ambroin. 

Mineralite. 

Electro- 

Porcelain. 

Asphalt. Megomit. , 

Celluloid. 

Porcelain. 

Enamel. 

Sterling 

Celluloid. Mica. 

Ebonite. 

Presspahn. 

Horn Fibre. 

Varnishes. 

Ebonite. 

Horn Fibre. 

Psychiloid. 

Lava. 


Electro - 

Lava. 

Vulcanised 


j 

Enamel, 

Tjcatheroid. 

Fibre 




Megomit. 
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can bo iis(vl for atrain insulators, liaving fairly Iiigh 
t(‘4isilo strongtli and liigTi breakdown voltage. Tests on a 1 in.nn 
slab after boiling in water and being cooled to 30*^ 0. gave 

Dielectric strengtli 3,500 V. per in.ra,. 

Tensile strength 1,400 lbs. per sq. inch. 

Gonipressive strength 728 lbs. per aq. inch. 

Amhroin, — Can be mouldcMl, and stands high teinperaturt^ and 
can be machined. After a water boiling test as above a slab 
0-33 ni.m. thick gave 

])ielcctrio strength 10,600 V. per m.in. 

A slab 5 m.m. gave 

Dielectric strength 7,200 V. per m.rn. 

Tensile strength 2,140 lbs. per sq. inch. 
Oompressiv('. strojigth 1,960 lbs. per sq. in. 

Specific resistance a* :== 0-lG x 10® megohms p(‘r cm.® 

AsflialL — Used for running into cable ducts and channels. 
Desists wat(‘.r well and is easily cut out and renewed. 

Celluloid Can be worked at 100® 0. as an insulating material 
and can be moulded into any form by soaking in boiling water. 

Safe working i)ressure 14,000 V. per m.m. at 20® C. 

„ „ „ 6,000 V. per m.m. at 100® C. 

A thin tt'-sb j)iec('. 0-2 m.iti. gave a 

Di(4(‘,ctric strength 22,500 V. per m.m. at 20® 0. 

„ „ 8,000 V. per m.m. at 100® C. 

,/^l0o'/^/?7c.™Vul(‘4lnised rubber. Unsuitabh^* for use where it is liable 
to g(»,t oily or where exposed to light and air. It is brittle but strong 
and fairly (easily worked. Quickly blunts turning tools. 

l)i(d(‘.ctric strength 35,000 V. per m.m. 

'I^vnsile strength 1,120 Ihs. per sq. inch. 

Compressive strength 2,200 lbs. per sq. iru^h. 

lileiirodinameL -Us(4l as a h(4i.t conducting insulai.ing (Uianud. 

Hiud to he, iui acid and moistun^-proof varnish with good cemienting 
propeuties. Coils wound with th(^ (uianud tacky,” cement together 
and requin^. no further binding together. 

Empire Insulating Tarnish . — This is flexihh^ and acid and moisture- 
proof. Used for impregnating coils which is done at 100® 0. 
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Gv^tta-Percha . — Suitable for made-up insulating materials such, as 
basis of cable insulation. Eapidly oxidises and must therefore be 
kept from air and light. 

Softens at 46° C. Plastic at 60° C. and melts at 100° C. 

Only resin oil is beneficial in raising the dielectric strength and 
acting as a preservative. 

(Untreated) Dielectric strength 10,000 to 25,000 V. per m.m. depend- 
ing on thickness of specimens, 
being greater for the thinner 
specimens. 

Tensile strength 3,500 lbs. per sq. inch will stand 
1,000 lbs. per sq. inch without 
further extension when once 
stretched. 

Specific resistance rr == 450 x 10® megohms per cm.^ 

Horn Fibre . — This is an expensive but very good insulator. It is 
mechanically strong and can be turned. 

Dielectric strength 12,000 V. per m.m. untreated, and about 
double this when impregnated with oil. 

Lava . — This can be machined like brass when in the natural state ; 
but after baking at 1,100° C. it becomes very hard. 

Dielectric strength 3,000 to 10,000 V. per m.m. 

Leather oid . — This is very tough, running next to horn fibre. When 
untreated its dielectric strength varies from 5,000 to 14,000 V. per 
m.m. When varnished, dielectric strength is about 9,000 to 16,000 
V. per m.m. 

Megomit . — Several grades of this are made under different names. 
They all contain mica as a base ; flakes of which are stuck together 
and to some binding material with various adhesives. 

Dielectric Strength. 

Hard Megomit (shellaced mica) 34,000 to 50,000 V. per m.m. 

and stands 6,750 V. per. m.m. 
indefinitely. 

Mica Paper (vegetable adhesive) 30,000 to 40,000 V. per m.m. 

and stands 6,000 V. per m.m. 
indefinitely. 

Micanite* (hard plates) 40,000 V. per m.m. and stands 

6,500 V. per m.m. indefinitely. 

* See Micanite. 
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Mica, -/riiis is a (‘<l(‘.ar lla.ky inattM'ial, nscd in all the mi(*/anite and 
ni ('-goni it CO 1 1 1 ] x >ioi(Ls. 

Tt is in its(^lf brittle and cannot bt' Ixnit or rnouUbxl. 

Dieh^.ctric strenoth 17,000 to 28,000 V. ijer lu.m. 

d(‘.p('ndin|^ on (Quality. 

M])e(ofic resistance a is from 2*3 to 'l-O x 10^* nie|Tolims. 
jK^r crn.'^ 

Mimniler —Thh is dom^, up in “ cloths/’ and “ papevrs/’ so <*, ailed 
b(‘.(‘.aiis(^- of the. natures of the backing to wliich tlu^ mica, flakes ar(^, 
cem(‘.nted. 

Mic.anite made up with shellac is hard and can only b('. Ixvni; wlxui 
hot. 

Micanit(‘. made u]) with a vegetable adhesive is flexible when cold. 

Rigiil Floxiblo 

Plato. ' Plat(‘. Olotli. Paper. 

.T)i(‘.l('.ctric strcuigtli in 

V. perm.m. 40,000 30,000 17,000 18 000 

Mineraliie.-—A com])ound of higli dielectric strcuigth, tough, and 
abl('. to work at high t(‘m])(^.ratures. Little ele(;trical data available. 

Pamjjin. -Tliis alone is unsuitable^ for any (‘ngimu^.ring purf)os(^s, 
but is uscvful as an impngnating substance', for mat(‘.rials whicli have 
not to work in hot places. 

Dielectric strevngth 8,100 V. per m.m. 

Specific r(\si.stance a 210 x mtgolims per cm.'^ at 

2,800 V. per m.m. pn'ssun^ and 
3*9 X 10^^ megolims ]X‘r cm.*^ at 
130 V. ]x'r m.m, pr(vssur('. 

- (Jocxl for all ordinary t(mip(vraturc‘.H though it fails as 
an insu1u.tor in ek'ctric furnace work, llscxl for supporting ILT. 
bus bars and lituis, in and about a \V.4\ station. 

Ditdectric strcuigth l(),3r)0 V. p(‘.r m.m. 

Tcuisile strength 1,500 to 2,200 Ihs. p(vr s(p inch. 

Average value'. 1,800, 

Oornpressive stnnigth 15,000 lbs. per S(p inch. 

Pms'syahn, A ])r(‘par(‘.d paper, impr(gnat('d with oil. Very 

hygroHC/Opic unless treat(‘d with a ])ore filling tiiat(u*ial. 

When trcat(‘.d must not be creased or iilum'. is a risk of spoiling tlie 
surfatu^, th(5r(‘by rendering it open to absorb moisture. 

l)i(dectric strength (),000 to 15,000 V. per m.m. 

Six'cific resistance a- 11,000 nugohms per cni.‘^ 
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Psychiloid. — This is made from paper pulp. It can be machined 
like metal, and is unaffected by all oils. 

Dielectric strength 9,000 V. per m.m. 

Rubber. — ^Rubber used in insulation work is generally vulcanised. 
It deteriorates with oil, air, and exposure to light. 

Dielectric strength 18,000 V. per m.m. 

Tensile strength 800 lbs. per sq. inch. 

Specific resistance <t = 177 — 10"^ megohms per cm.^ 

Shellac. — Good as a cement for mica, but not very good for 
impregnating coils imless they are free from mechanical vibration. 
Too liable to crack to be used as a solid dielectric of any appreciable* 
dimensions. 

Dielectric strength about 10,000 V. per m.m. 

Specific resistance cr 9 x 10® megohms per cm.^ 

Vulcanised Fibres. — Can be machined, and are strong and tough. 
A serious objection to their general use is that they are hygroscopic, 
but are not spoilt by moisture and subsequent drying. 

Dielectric strength 2,000 to 3,000 V. per m.m. 

Specific resistance 53 megohms per cm.^ 

Notes 28. — Notes on the Insulating Properties of Solid Dielectrics 
(Abstract from Bull. Bureau Standards, Vol. II., No. 3). 

There are several properties of dielectrics, between no two of which 
is there any known relationship, the most important being — 

(i.) Volume resistivity. 

(ii.) Surface leakage. 

(iii.) Dielectric absorption. 

(iv.) Dielectric strength. 

(v.) Dielectric constant or specific inductive capacity. 

For high tension work (iv.) is most important, though a Imowledge 
of the others, especially (ii.), is useful. For condenser work (iv.) and 
(v.) are equally necessary together with (ii.) for very accurate work. 

Volume Resistivity. — This is defined as the resistance to the current 
flowing through the material between two opposite faces of a 
centimetre cube. • This is sometimes called specific resistance. 

Effect of Humidity. — ^Some insulating materials absorb moisture to 
a greater extent than others ; and also take longer to get rid of it 
when in a drier atmosphere again. 
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Alarble, slate, red fibre, etc., absorb considerably, whilst celluloid, 
ebonite and glass do not do so to any great extent. When once 
materials are damp they may be rising in resistance for weeks on 
end if kept in a dry atmosphere. 

Effect of Voltage. — The higher the voltage used in measuring the 
insulation resistance of certain porous materials, the lower will be 
the apparent resistance. 

Thus, Italian marble has 2*5 times the volume resistivity at 50 
volts measuring pressure that it has when measured at 500 volts. 
Parafiined woods, hard fibre, Bakerlites, etc., are unaffected by 
the e.m.f. used in resistance measurement. 

Effect of Temjperature. — The resistance of an insulator at a 
temperature tf C. (absolute) {Rt^ say) may be expressed in terms of 
the resistance at zero for any temperature C. by the expression 

Ri = Ro€ mm + t) 

where g is a constant depending on the material, which varies from 
4,000 to 25,000. 

The following short table, selected from numerous values in the 
above work, shows the ratio of the volume resistivity at 20° C. and 
30° C. 


Material. 

natio 
<x 0® 
"crab®* 

Material. 

Batio 

0-20® 

Or3(J°* 

1 

Material. 

Batio 

Gr2(>® 

Scaling Wax 

0*9 

White Celluloid . 

1*8 

Opal Glass . 

2*8 

Mica, Indian Buby 


Bakerlite No. 140 

2*4 

Plate Glass. . i 

i :j*2 

slightly stained . 

PO 

German Glass 

2*5 

Kavalier Glass 

4*5 

Hemit. 

P2 

Halowax . 

2*5 

Sulphur 

4*9 

Moulded Mica 

1*2 

Red Fibre . 

2*G 

Khotinsky cement 

11*0 

»Shellao 

1*5 

Indian Mica, 


Yellow Beeswax . 

10*0 

Unglazed Porcelain 

1*6 

stained . 

2*7 

1 




Effect of Dielectric Absorption. — When the dielectric absorption is 
large the current flows for a considerable time after the application 
of the e.m.f. and this current is not the pure conduction current, which 
is a constant one, but is the conduction or permanent current plus a 
temporary or absorption current. Thus, measurements of resistivity 
cannot be made until this temporary or absorption current has sub- 
sided. With hard rubber especially is this absorption current 
noticeable. Thus, after half an hour it is ten times as large as the con- 
duction current ; and even after eighteen hours it is not negligible. 
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Deterioration of Hard Rubber. — This substance deteriorates in 
sunlight and when exposed to the atmosphere, lowering the surface 
resistivity. 

Hard rubber can be renovated by thorough washing in pure 
distilled water, afterwards being dried and if necessary wiped with a 
slightly oily cloth, but this latter is only done to bring up the 
appearance of the piece and does not act beneficially in insulating 
the surface. 

Notes 29. — Notes on breakdown voltage and gap length. 

(i.) Static Charges. — For small gaps the size of sphere has little 
effect. Its importance increases as the gap length increases. Thus 
for very small spheres the breakdown voltage increases only very 
slowly for increases of gap length, whilst for very large spheres it 
remains approximately proportional to the gap length up to much 
greater distances. 

(ii.) Oscillatory Charges. — The higher the frequency the higher is 
the voltage necessary to jump a gap of given length. This is due to 
the voltage at which breakdown would finally occur being reached 
and passed before the breakdown can start and spread. -This is 
known as the retardation of the discharge and plays an important 
role in wireless. telegraphy. It is due to the small number of ions in 
the intervening gap ; and can be diminished- or eliminated by 
illuminating the electrodes with ultra-violet light. 

A large number of discharges per second passing over the gap 
may enormously diminish the e.m.f. required to maintain the dis- 
charge, this being due to the continuous supply of ions once the 
discharge has started enabling subsequent breakdowns to occur at 
much lower e.m.f.’s. 

(iii.) Effect of Pressure and Nature of Gas. — Increasing the pressure 
of the gas in which the discharge passes increases the voltage 
approximately proportionally up to a pressure of 10 atmospheres or 
thereabouts. The nature of the gas has not much effect on the 
breakdown e.m.f. for gases such as air, nitrogen, oxygen, carbon- 
dioxide, etc. However, for hydrogen it is only about half as great 
as for those mentioned, and less still for helium and argon. 

Notes 30. — Current and Potential Distribution on vario'ws forms of 
Oscillators. 

(a) Hertz. — The effective capacity of an oscillator is increased by 
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the addition of (•,a])ac*.ity ar(*as at i/lu^ (vud ; heruu' th(^ fr(H[U(‘ucy will 
1)0 lower and wav(‘-l(‘n^t]i ^reatc^r than for a Hirn])l(^ wire, of the Fame 
hvn^dJi, and tliin will 1)(^ tln^ gT(‘at(‘r as tlio ejul (uxpac.iti(‘H aT(^ gT(^ater 
in i)r()])ortioTi to th(‘. (dh^ctive eai)acity of the 
Htraight wir(‘. ])ortion. 

The di.stril)ution of e.umvnt and volta^(‘. nuint 
h(^ of tli(‘ forin indie.at(‘d l)y Fi^^ ], wln'rc'. / 
r(‘|)r(^H(^nts eurn‘nt values, and V |)ot(vntial valiums, 
iisin^ horizontal distane.c's from the. v(vrtie.al for 
ordinat(‘s. TIu^ gn^atiT tli(‘. attaoh(‘d (‘ud capaci- 
ties are, the neanu’ does the^ (iurreuit elistrihution 
on the^ ve'.rtical ])art of the^ wire', approach uni- 
fe>rmity anel the^ nemre'r the fe)rm fac.te)r a is to 1-0 
in value'. 

Sineu' the. maxijmim pe)t('ntial ex'curs at the 
^ (‘nd c.apaeitieH, the', euirremt atti])lituele is much 

^re'aten* ce)mpaTeel with this maximum poteuitial 
aiTiplitude than would he the case for a simple', wire of the', same Icvn^th 
Ce)Tnparing such an e)S(*illat()r fe)r e'.fh ctiveness, with a simple 
unloadeel linear H e r t z 
oscillator the fe)rme'r has 
the', advantage of its higli 
currevnt value at the anti- 
node, e)r ('arthe'.el, enel, anel 
a high value of its fe)rm 
fa(5te)r a, which in me)st 
])rac.tical fe)rms e)f ae'.rial 
('.an be take'fi as seuisihly 
unity. 

(/;) Lmear 0 h cilia! or 
cxmtainmg sericji 0 o n - 
rfo/?..s*cr. — The', capacity of 
the wire', atul conde'use'.r 
may he'. c.e)nsideu‘e'd te) he 
in se'ries, and by bringing the', two symmed/rical conde'.nse'rs of Eig. 2 a 
toge'tlu'r, th(‘. plain veu-tieml wire ae^rial of Fig. 2 b is ohtaineul. If 
the', se'.rie'.s conde'.Tise^r ca])acity is vc'ry large'. ce)mpar('.d with tliat e)f 
the wire^, t hem tlie curreuit anti-node anel poteuitial noele exxnir at the', 
junction witli that large conde'use'r, as theyy elo in tlu', case e)f the 
V('rtic4il ('arthed wire' e)f the*. “ ])laiu ae'.rial.’* 
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(c) Linear Oscillator containing Series Inductance. — For a given 
oscillator, the greater the inductance, the greater the change in 
frequency and therefore wave-length. 

The current amplitude is reduced compared with what it would 
he for the same potential amplitude with a simple vertical oscillator. 
The greater the value of the inductance, the greater the wave-length 
compared with the length of the oscillator, and the nearer does the 
form factor a = 0*5. 

This all tends to reduce the range of the radiations as against that 
for a simple oscillator, but since the value of the inductance is greater, 
the value of the log. dec. of the aerial as a transmitter will be smaller. 

*=43] 

{d) Linear Oscillator loith both series Inductance 
and Capacity. — The decrease in wave-length by 
introducing capacities (6) can be partly or wholly 
compensated for by the addition of series induc- 
tances as in (c). If the inductance effect pre- 
dominates, then the wave-length is reduced and 
the current and potential distribution follows 
more on the lines of Fig. 3 ; whilst if the capacity 
effect predominates, the distribution of current 
and potential will follow on the lines of Fig. 2b. 

If the inductance effect exactly annuls the 
capacity effect as regards resulting frequency, 
then the current and voltage distribution is about 
the same as for a straight oscillator with no coils 
or capacity in series. 

In respect of damping, however, the latter arrangement is very 
different from the “ plain aerial ” in that the decrement will be much 
less when the inductance and capacity are present, and thus they 
serve a useful purpose without in any way modifying the “ plain 
aerial ’’ wave-length frequency or current and potential distribution. 

{e) Grounded Aerials. — The above discussions have related to 
straight oscillators of the '' open ” type ; but indication has been 
made of a position for a plane of symmetry at which the aerial in 
question might be considered to be erected on the earth’s surface, 
and continue in the same function as before as regards wave-length, 
current and potential distribution. All modern aerials are grounded, 



Fig. 3. 
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and the earth connection, if good, can be looked upon as equivalent 
to an infinite capacity condenser in series with a similar aerial below 
ground. 

Notes 31 . — Notes on Resonance Curves ^ and the data to be abstracted 
from them. 

A resonance curve is obtained by loosely coupling a feebly damped 
oscillatory circuit containing a suitable current-measuring device 
and an adjustable capacity condenser to the circuit under examina- 
tion. 

The resonance curve of current is plotted by taking current for 
ordinates and corresponding frequencies or wave-lengths as 
abscissae. 

Another method of procedure, especially where comparisons of 

sharpness ” of tune are required, is to plot ratios of currents 
obtained for different wave-length settings to currents obtained at 
resonance as ordinates ; against corresponding ratios of frequency 
of coupled or testing circuit to frequency of resonance as abscissae. 

A resonance curve can also be plotted with voltage as ordinates, 
in lieu of currents, the peak value again occurring at the same 
frequency ; but since the voltage of a high frequency circuit is more 
difficult to measure, this method is never employed now where 
accuracy is desired. It is, however, frequently used for lecture 
purposes to demonstrate the existence of ‘‘ peak values ’’ by the use 
of a Neon or other potential indicating device, and was so used in 
some of the earlier wireless measuring apparatus. 

The abscissa at the peak is called the point of resonance, and the 
ordinate at the peak is Imown as the “ peak value.’’ 

Where = current effect. 

ejff- = jj 3 ) ^t resonance (peak value of current) 

N = discharger frequency per sec. (constant). 
n^ = resonance frequency. 

= frequency of adjustment of test circuit = at 
resonance. 

di = decrement per period of primary. 

d^ = „ „ „ secondary or testing circuit. 

El = E.M.F. acting on secondary or testing circuit 

= ^irniLiIi, 
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Then according to Zenneck, “ Wireless Telegraphy,” p. 1 04, 

TO _ Tir 1 ^ 

^ 0‘4 (di ±^ ' 

can he obtained from this by putting = n.^ and simplifying, 
wlien I?. = N gj 

From a curve plotted with ratios of current effect for ordinates 
and ratios of frequencies for abscissa), the following can bo in- 
ferred : — 

The flatter the peak of the curve 
(i.) The less sharp wilt tuning be. 

(ii.) The greater will be the sum of primary and secondary 
decrements -f- 

(iii.) The closer is the coupling of the two circuits. 

Precautions to be taken in order to secure accuracy of nieasuro- 
ment for tuning curve. 

(1) Air or oil insulated condensers only should bo used in the 
nieasuring circuit to reduce the losses due to dielectric hysteresis as 
much as possible. 

(2) The inductance coil and connections should be stranded to 
maintain constant and low resistance convstant = 2 ^/ ) 

and should be placed so that there is no electrostatic coupling. 

*(3) The danipingproducedby the current-nmasuring device should 
be as low as possible, i.e., the most sensitive instrument should bo 
used. 

(4) The coupling between the test circuit and the circuit under 
examination sliould be as weak as possible. 

*(Note.— A bolom eter or thf^rnio-galvanoinetcr givers bettei* results 
on this account than, Ba,y, a hot wire instruimmt. When the 
available energy is too low to operate these instruments succc^ssfully 
then a detector and mirror moving coil galvanometer can be sub- 
stituted, but this latter requires considerable experinumtal skill to 
give good results.) 

Use of resonance curves for determining + di of the two circuits 
(decremcixt taken per whole period). 
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(1) Wlioro tlio luoiiHXiiiiif' circuit C()ii(lciis(U' is (!iilii»ra<K^<l Cor 
capiicity K, tlaui currents and K arc plotted as ordinates and 
abscissae respectively, 

K,-K\ / "1 " 


and 


d. 


(lj^ = TT 


K 



L 


'•jr 


‘t’/r 


- . 1 


(2) Wluvro th(^ circuiit/ is for fr(‘()U(‘ii(vi(^H N, 

tlu^B Current and frc’iqiuuicy plotted UoS ordinattNS and abBCXBHa^ 
respectively, 

1 "' "■ ' 


and 


+ 4 = 271 


r'7") 


Ir.,rY 


1 . 


t\tr 


1 


(3) Similarly, if nauuVin^ or t(‘sting circuit is calibra.t(Hl in wa»ve- 
Ixngtlis A (say, for instance, in tli(‘. (‘.as('. wh(vre a wave meter con- 
taining a current- m(‘aHu ring device has Insm used), 


tlicn 


ill ‘^'1" ^2 




(4) An approximation is to find Ki and on each side of K,. 
such tliat the current is reduced to half the maximum or resonance 
value when 


di *-j“ <^2 

In all the above cases - 


TT (Ki ~ K.\ 

2 V K, ) * 


li' 

2nL 


should be accuratc^ly known. 


The tuning curve is frequently somewhat unsymmetrical, which 
indicates condenser leakage, and spoils tlic results for a.ny accurate 
analysis of therefrom. Another and more frequcnit (jondition is 
that the curve, although symmetrical, gives successively increasing 
values of di + d.j, as the points chosen for data for the decrement 
equation are taken nearer the jieak of the curve. 

This is very noticeable in circuits containing short spaj‘k gaps and 
is due to the fact that the discharge current values ar(‘, not exponential 
in character, and the decrement is tlierefore not constant over the 
whole wave train. 

(Note. -Leakage, both magnetic and electrostatic, into the testing 
circuits tend to spoil the results and must bo most carefully guarded 
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against. Witk high, voltages it is often very difficult to eliminate 
considerable (and variable) electrostatic coupling.) 

The decrement d.^ of the testing circuit, wliich should always 

R' 

be small, is nearly always calculable from because R should be 

so far stranded as to have constant resistance, independent of fre- 
quency, whilst L can be either accurately measured or calculated 

3 X ion 

V ““X metres/ * 

Resonance Curves of Coufled Circuits . — ^When the analysing or test 
circuit is weakly coupled to two strongly coupled oscillatory circuits, 
then a tuning curve with twin peaks is obtained. 

Table 20 gives values of the coupling coefficient between the two 
circuits under test, for various values of the ratio of wave-length or 
frequency at which the twin peaks occur. 

Let N' and N" be the frequencies at the two peaks. 

X' and X" ,, wave lengths „ „ 

N and X be the values of the frequency and wave-length of 
each circuit before coupling (they are equal). 

Theu = = 



If the coupling is very close K' = 



Resonance Curves of Coupled Circuits. Not closely Coupled . — 
When two circuits are not very closely coupled then their peak 
values, although well defined, do not occur at the exact values of 
N' and N” as they should. 

To separate out the true effect for high accuracy the testing 
circuit III., in addition to its usual coupling coil, has two widely 
separated loops and Mg so arranged as to be in magnetic coupling 
with two other loops K-^ and Jfg, of the primary and secondary 
circuits respectively. 

Ml couples with only. 

M^2 55 -^2 ?? 

Ef and Ef are in phase. 

also Ef and Ef are in phase, but 180° out of place ^ith 
Ef and Ef. 
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The ciirroJite /./ depejid on the diatanoes MJ(j and 
and th.eac aj-e afljualed anlul E{ — Ji.", tlien they will neutraliao 
each other. 

The roHult iHiiliat aji oHcillation in II. (frccjiuonoy N") Iuxb abBoliitcly 
no (vffcct on the ineaRuring circuit III. which acts as if only the 
oHc.illation of frequency and decrement exiHted. llencci a 
resoruince curve plotted in this way gives N' or A' and d' in the usual 
way. 


To obtain the opposite effect, that is, to eliminate oscillation I . 
and measure only II., all that is necessary is to revolve loop (or 
else loop Mo) through 180"^ and then proceed as above. E/ and E/ 



Kki. 4. 


now neutralise, whilst E^ and 
E^ are added together. 

General -Fiivst, a 

resonancui curve is plotted 
luxving in general tlie two 
1 1 uxxima. al laiiuly m entioned. To 
do this M] and M 2 arc out of 
action. 

Tlion the distance between 
Ml and /v ^ or M^ and K 2 is 
varied until tluwo is only one 
maxiimuti,* a.ll indications of 
the S(5cond pofxk having dis- 
appciirod. 


The curve is thcJi the resonaiu’c curve of the one oscillation 


only. 

Then M^ is turned tlu’ough 180”, ajid if any trace of the former 
maximum peak rertiains it should be eliminated by a final adjust- 
ment of the distance between Mi and Ki or Mg and K^. 

The resulting resonance curve is then that of the second oscillation 
only. 


Prec(mtions~{l) Moving M, or Mg must not change the self- 
induction of the measuring circuit. The Iciuls to the loops must 
therefore be run close together to avoid any stray flux linldng with 
the loops of the connections, 

(2) nie more the peak of one oscillation frequency is eliminated, 
the more accurately will the position of the other be determined. 



* Soo l^rocaufcion 3, 
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(3) Complete eliniinatioB. of one oscUlation frequency can be 
efiected as follows ; — 

(а) Find the value of say N" approximately. 

(б) Adjust III. the testing circuit to have this frequency, the 

direction of the loops Mg being such that the e.m.f.’s 
induced are added. In this way any current of fre- 
quency II. will be an absolute maximum. Only then is 
ilfj turned through 180° and positioned so that the 
current effect is zero. 

This results in a much more comi'lete elimination of frequency II. 
than before. 

The importance of this last precaution is considerable where 
precise measurements are to be taken because a small residual effect 
of frequency 11. (not necessarily enough to show signs of a maxi- 
mum in the curve of I.) can ne / ertheless influence the shape of the 
upper part of the curve. The readings of the measuring instru- 
ments, depending as they do on the mean square of the current, are, 
relatively speaking, insensitive at low current values. 

Conchision - — The accuracy with which A' and A" can be obtained 
by this method (and hence N' and N" as well as K the coefficient 
of coupling) is very great, though the separate determination of 

and (Zg is not so accurate on account of the assumption made, 
that the current phase relation in the two circuits is exactly 180°. 

SECTION IV 

Notes on Elementary Arithmetic for Oi^erators. 

Contracted Multipl{catum.-- Oi the various methods the following 
is most common. The degree of accuracy to which the answer is 
required must be decided first. The multiplicand is set down and 
the number of decimal places required are counted off. The units 
digit of the multiplier is placed under the last decimal counted, i.c., 
if the answer is required to three places of decimals the units digit 
of the multiplier would be set under the third decimal place of the 
multiplicand. The remainder of the multiplier is set down cither 
side of the units digit in the reverse order, no notice being taken of 
the decimal point. If necessary cyphers may be added to tlic 
multiplicand to complete the setting. 

The multiplying is commenced with the first figure in tlxo usual 
way, and the others starting with the figure immediately above 

U.T. , 
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tlxein. A trial must be made on tlie preceding numbers to find tbe 
amount to carry forward, ignoring values up to five, but counting 
values over jS.ve as ten. The decimal point is found by counting 
along the number of points first decided upon. In the example 
there are sixty numerals in the ordinary method, while the con- 
tracted method only requires forty-six. 

Example : Multiply 321-8544 by 22-643 to three places. 


321-8544 

321-8544 

22-643 

34622 

9655632 

6437088 

12874176 

643709 

19311264 

193113 

6437088 

12874 

6437088 

965 

■,287-7491792 

7,287-749 


Contracted Division , — The principle is much the same as used in 
contracted multiplication. The number of figures required in the 
answer is the first thing to be decided. The dividend and divisor 
are then brought to whole numbers by removing the decimal point 
and adding cyphers if necessary. 

Both the dividend and divisor are written down with one more 
figure in each than is required in the answer, i,e , , 3,218,544 -f- 22,643 
to four figures would be written 32,185 (22,643, each with five figures. 

Proceed as in long division for the first case ; but for the following i 

figures, instead of adding a C3rpher to the dividend, strike a figure 
off the divisor, making a trial to find the amount to carry forward. 1 

To determine the position of the decimal point place the divisor i 

under the dividend with the left hand digits under each other. If 
the divisor is greater than the dividend for the same number of 
figures, move the divisor along one place. Now draw a line between J 

the tens and units of the divisor and note the position of the decimal I 

point of the dividend in relation to this line. 

If it is to the left the number of places indicates the number of 
integral figures in the answer. 

If it is to the right the number of places indicates the number of f 

cyphers following the decimal point. 
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If it is on the line the answer is a decimal with no C 5 rphers following 
the decimal point. 

In the examples the subtrahends are omitted in each case ; the 
long division requires 42 figures, while the contracted method only 


needs 27. Had the subtrahends been shown in the long division 
73 figures would have been required. 

Example : Divide 321*8544 by 22*643 to five significant figures. 

321*8544(22-643 

■m 

95424 14-214 

32185(2'2'6'4'3 

48524 

9542 14214 

32380 

485 

97370 

32 

67980 

10 


3121-8544 two integral 


i2-643 


14*214. 


figures. 


"When it is desired to find the value of a number raised to a 
negative index, such as 1,066“^, it is necessary to convert it to 
another form : — ♦ 


1 , 066 -^ = 


1 


The fourth root of 1,066 may be found as already described, and 
this value divided into 1 will give the desired result. 


=zl 

X^ = X X X 



x^ = ^x^ 

VI 

x^ ^x^ V 


= X X X X X 
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Trigonometric Functions for Right Angle Triangles. 



. BG ■ AB 

8mA = j^. 8mC = j^. 


side opposite 

hypotenuse * 

Side opposite = hypotenuse x sine. 

AB = AC X sin C. BO = AC X sin A. 


Hypotenuse 




side opposite 
sine 

AB BC 


sin C sin ^ 


AB 


^ side adjacent ^ . 

Cosine = -r • Cos A = 

hypotenuse AC 


Cos C = 


BC 

AC 


Side adjacent = hypotenuse x cosine. 

AB = AC X cos A, BC = AC x cos C. 

. side adjacent 

Hypotenuse = cosine ' 


AO = 


Tangent 


AB ^ 
cos A ~ 

Tan A = 


BC 

cos G 

W 

AB 


TanC 


AB 

BO 


side opposite 
side adjacent’ 

Side opposite = side adjacent x tangent. 

AB=BC X tan C. BO = AB X tan A. 

BO 


side adjacent 


Cot A = 


AB 


Cot 0 


Cotangent = ^ ^ 25 

Side adjacent = side opposite X cotangent. 

AB — BO X cot A. BC = AB x cot C. 


Secant : 


hypotenuse 
' side adjacent’ 


Sec A 


AC „ „ AC 

AB 


AC 


AC 


Cosecant = Cosec A _ Jg Cosec C-^ 


t 


1 

I 
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In a right triangle the sum of the squares of the two sides equals 
the square of the hypotenuse. 

ACP^ = AB^ + BC^ 

AB^ = AC^ - BC^ 

BC^ =.AO^ -^ AB^ 


Formulce for Right Angled Spherical Triangles. 


Sin a 
Sin h 


Sin c 



cos h cos c 

cos B 
sin C 
cos a 
cos 6 


Sin G = 


Tan (7 = 


co s B 
cos b 
tan c 
sin h 


SinS = 
Tan 5 = 


sin h 
sin a 
tan b 
sin c 


The area of a spherical triangle in square degrees 

^ iQ _ X X ^ 

. T ^ sin ir X sin ia X sin B 

or sm iQ = ? 

cos ^b, 

where Q = area. 

If i? =z radius of sphere, the value of one square degree 

^ 3,285-58 
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Various functions of n. 

77 = 3-141593 -f- approximately 3 

2n-= 6-283186 
377 = 9-424779 
477 = 12-566372 
577 = 15-707965 
677 = 18-849558 
7-77 = 21-991151 
877 = 25-132744 
977 = 28-274337 


] 

77 
|77 = 
^77 = 

J77 = 

■ 1-77 = 


^77 = 
^77 = 
^77 = 

I77 = 


71^= 9-86960 = 1-77245 -^=0-101321 


773 = 31-0063 4/w = 1-46459 


-G = 0-0322515 


0-318310. 

0- 5707965 

1- 047198 
0-785398 
0-628319 
0-523599 
0-448799 
0-392699 
0-349066 

- 4 --= = 0-56419 

V n 

= 0-682784 


1 


= 2-46740 J-^ = 1-25331 1-128379 ^ ® = 1-240701 

log TT = 0-4971 


J7 \/ TT 
TT 

” ‘2 


= 1-9943 
= 0-2486 

= 0-1961 


Logarithms . — Briggs or common logs have a base of 10. Hyper- 
bolic, Napierian, or natural logs have a base of 2-71828 To get 
hyperbolic logs multiply the common log by 2-3026. The mantissa 
will be found in the tables ; the characteristic may be found by the 
following rules ; — 

The mantissa is always positive, while the characteristic may be 
positive or negative. 

Count the number of ‘ figures before the decimal point, and the 
characteristic will be this number minus 1. 

When there is only one figure before the decimal point then there 
will be no characteristic. 

When there is no figure before the decimal point and the first 
figure is not a cypher, then the characteristic will be minus 1. When 
the decimal starts with cyphers, the characteristic will be the number 
of cyphers plus 1, and of minus value. 
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The mantissa of log 1066 = -02776. 

log 1066 = 3-02776 log 1-066 =0-02776 

log 106-6 = 2-02776 log -1066 = 1-02776 

log 10-66 = 1-02776 log -01066 = 2-02776 

By reversing this operation the position of the decimal point is 
found. 

To multiply two or more numbers, take out their logs and add 
together, algebraically; the sum will be the log of the number 
required. 

To divide two or more numbers, take out their logs and subtract in 
rotation, algebraically ; the result will be the log of the number 
required. 

To raise a nmnber to any power, take out the log of the number 
and multiply by the power ; the result will be the log of the number 
raised to the desired power. 

To extract the root of any number, take out the log and divide by the 
index ; the result will be the log of the root. 
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TABLE 35.— VARIOUS SOLIDS— cojitmtted. 



Sp. Gr. 

Weight 


Sp. Gr. 

Weight 

Substance. 

Aver- 

lbs. per 

Substance. 

Aver- 

lbs. per 


age. 

cub. ft. 


age. 

cub. ft. 

Earth, Dry Loose 

1-2 

76 

Pumice Stone 

0*92 

57 

Earth, Dry -packed 

1-5 

95 

Quartz ... 

2-5 

165 

Earth, Mud-packed 

1-8 

115 

Red Lead . 

8-94 

557 

Fat .... 

0-95 

58 

Resin 

1-09 

68 

Fibre 

1-39 

87 

Rubber, Pure 

0-94 

59 

Flint .... 

2-59 

161 

Rubber, Manufactured 

1-5 

94 

Flour, Loose 

0-45 

28 

Salt, Common 

2-13 

133 

Glass, Common . 

2-6 

162 

Saltpetre . 

2-09 

130 

Glass, Plate 

2-6 

162 

Shale 

2-6 

172 

Glass, Crystal 

2-95 

184 

Slate 

2-8 

176 

Glass, Flint 

3-8 

247 

Starch 

1-53 

96 

Granite, Scotch . 

2-65 

165 

Stone, Bath 

1-96 

122 

Graphite 

2-1 

131 

Stone, Common . 

2-52 

157 

Ivory 

1-87 

114 

Stone, Portland . 

2-37 

148 

Leather 

0-95 

59 

Stone, Sandstone 

2-2 

137 

Lime, Quick- 

0*8 

50 

Sugar 

1-6 

100 

Marble, Average 

2-7 

165 

Sulphur 

2-03 

126 

Mica .... 

2-8 

174 

Talc .... 

2-5 

156 

Pitch 

1-07 

69 

Tallow 

0-94 

59 

Plaster of Paris . 

1-18 

73 

Vulcanite . 

1-52 

95 

Porcelain . 

2-25 

143 

Wax, Paraffin 

0-97 

60 

TABLE 36.— 

WOODS, DRY. 


Sp. Gr. 

Weight 


Sp. Gr. 

Weight 

Substance. 

Aver- 

lbs. per 

Substance. 

Aver- 

lbs. per 


age. 

cub. ft. 


age. 

cub. ft. 

Alder. 

0-52 

33 

Holly 

0-85 

53 

Almond 

0-86 

54 

Hornbeam . 

0-72 

45 

Ash, American . 

0-74 

46 

Ironwood . 

1-20 

75 

Ash, European . 

0-7 

43 

J arrah 

0-92 

57 

Ash, Mountain . 

0-7 

43 

Juniper 

0*61 

37 

Bamboo 

0-4 

25 

Lancewood . 

0-92 

57 

Beech,- Common . 

0-75 

46 

Larch 

0-62 

38 

Beech, Australian 

0-53 

33 

Lignum Vitoe 

1-00 

62 

Birch, American . 

0-68 

42 

Lime or Linden . 

0-54 

32 

Birch, English . 

0()2 

38 

Logwood . 

0-92 

57 

Boxwood, .Cape . 

0-93 

58 

Mahogany, East Indian 

0-69 

43 

Boxwood, Common 

1-3 

76 

Mahogany, Cuban 

0-78 

47 

Boxwood, West Indian 

0-79 

49 

Mahoganv, Australian . 

111 

69 

Cedar, Cubnn 

0-45 

28 

Mahogany, Spanish 

0-86 

53 

Cedar, Virginian . 

0-5 

33 

Maple, Bird’s-eye 

0-58 

30 

Cedar, Indian 

1-32 

82 

Maple, Hard 

0-68 

42 

Cherry, American 

0-59 

36 

Maple, Soft 

0-62 

38 

Cherry, English . 

0-62 

38 

Oak, African 

0-96 

59 

Chestnut, Sweet - 

0-66 

40 

Oak, American . 

0-86 

54 

Chestnut, Horse . 

0-57 

35 

Oak, Danzig 

0-83 

52 

Cocus 

1-55 

96 

Oak, English 

0-73 

46 

Ooffwood 

1-08 

67 

Pine, Pitch 

0-71 

44 

Cork 

0-25 

16 

Pine, Red . 

0-55 

34 

Cottonwood, American 

0-55 

34 

Pine, White 

0-43 

2 / 

Cypress 

0-65 

40 

Pine, Yellow 

0-46 

28 

Dogwood . 

0*79 

49 

Plane 

0-57 

35 

Ebony 

1-19 

73 

Poplar 

0-43 

26 

Elder' 

0-65 

40 

Rosewood . 

0-88 

55 

Elm, American . 

0-71 

44 

Satin wood . 

0-94 

58 

iClm** Common 

0-68 

42 

Spruce 

0-48 

30 

Fir, Danzig 

0-62 

• 38 

Sycamore . 

0-65 

40 

Fir, Riga . 

0-58 

36 

Teak 

0-62 

38 

Fir, Silver 

0-48 

30 

Walnut 

0-67 

41 

Fir, Spruce 

0-48 

30 

White wood 

0-53 

33 

H aokmatack 

-0-63 

39 

Willow 

0-53 

33 

Hazel 

’0-64 

39 

Yew 

0-84 


Hickory 

0-78 

47 



1 
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Hydro 
dhlorlo 
AoUl, Nltrlo 
Atild.HulnUtirl 
AUu>hoU Idtrt' 
C-hloraform 
Mt.hor 

on, Voprotahlo 


TAlMdO H7.- -lAQUIDS. 


SubMtimtHi, 


on, MliU'nil . 
Puranin 
Iddrolt'uui . 
Tar 

TnriK‘n(ino . 
Wale*!’, KwhU, 

-in'. 

Watta’, S(*a . 


SuhHtaiuu^ 


Atadyloua 

Air 

Atruuonla Ciaa. 
( iari»on Dioxide 
(’•irhon Moiujx* 
l(io . 


( 'luMUl* 


Weight 

oal 

Si». Or. 

n»H. poi 

Symbol. 

<mb. ft,. 


I-IO 

on 

HOI 

i ‘20 

75 

11 NOji 

1 -.AO 

04 

H*J|S04 

1-H4 

112 


0-71M1 

f>(i 


l‘fi2« 

05 


o*7a(i 

4 0 


OMIl OdM 

5H 


'r’ABiJ'i :$« 

Ohoml” 


WtdRhl 

cal 1 

Hp. Or. 

IbH. per 

•lymbol. 

mil), ft. 


OdlO 

•008 

1*0 

•081 

NIIh 

0-581) 

•050 

' OOa 

1*52 

• 12:1 

(!<) 

0*007 

•070 


-4.iAKm 


HubHtaivco. 


Ilydropfou . 
N itrogau 
Oxy^oix 
Hlaaxia, 212® 

Wat;crVai)our 


Cbcml- 


Wtd^^lH 

cal 

Sj). Or. 

IbH. p(*r 

Symbol. 

cub. fl.. 


O'Od (bon 

57 


()•H7 0*01 

50 


0*87 

54 


1*20 

75 


0*80 0*87 

52 

HuO 

l-O 

02*4 


002 i*oa 

04 

(ibcini' 


WolKlil. 

cal 

Sp. Or. 

ll)H. per 

Hyml)ol. 

cub. ft.. 

n 

O'OOO 

•005 

N 

0*07 

•078 

0 

MOO 

•OHO 

HuO 

0*488 

•05 

HaO 

0*622 

•055 


TABLE 39 .— ERACTIONAL, DECIMAL AND METRIC EQUIVALENTS OP ONE INCH. 
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CROSOOCOt-t-COCOvovO-^ 

oioioioioiosoioioioicn 

'^l^'rHvocneOt^THVOOSCOIr- 

voocoiHcbi^t-tfOoc'ccoa*^ 

Gavot-0<MVOt>-0<Mvot-.0 

THtHrHrHcacaeaeacc 

Inches. 

T-i(MCO^»OCOir-COC»OtHCa 
iH tH rH 

Millimetres. 


19 

20 

21 

22 

23 

24 

25 


19'0o0 

19-446 

19- 843 

20- 240 

20- 637 

21- 034 
21-431 

21- 827 

22- 225 
22-621 

23- 018 
23-415 

23- 812 

24- 209 

24- 606 
25 

25- 4 

Inches. 

Decimal. 

. iQ ifi xo xo xa lO 

(M>(5 

COO^ QO»0 iHt-M CO (MOO«5 rHt- 1 

CX3 W3r-«t-COC^t-COCOOa<0*nOCOCOr-4lr«iOCOCOrH 
>T*(»OCOQOOOOSTHei<M'rH‘0<Olr-OSOOC5ICO-^‘OCOOO 
lr-t-.t>-t«.t-.t-00 00 C0 00 00 00 00 00a5C3S0S0S0S0S05O 

Fraction. 

1 "M.JSSIS! 1 SB5S 1 KSSSg 1 I SBSB5K 1 SiJSISK^ 

Millimetres. 


10 

11 

12 

13 

14 

15 

16 

17 

18 


9-921 

10-319 

10- 716 

11- 112 
11-509 

11- 906 

12- 303 

12- 70 

13- 096 
13-493 

13- 890 

14- 287 

14- 684 

15- 081 
15-478 

15- 875 

16- 271 
16-668 

17- 066 
17-462 

17- 859 

18- 256 
18-652 

Inches. 

Decimal. 

•390625 

•394 

•40625 

■421875 

•433 

•4375 

•453125 

•46875 

•472 

•484375 

•5 

■512 

•515625 

•53125 

•546875 

•551 

•5625 

•578125 

•591 

•59375 

•609375 

•625 

•630 

•640625 

•65625 

•669 

•671875 

•6875 

•703125 

•709 

•71875 

•734375 

Fraction. 

1 Hin wiffl I *'|H win i SB Hw 1 cSB H§5 wio I * H «l® 1 Sin "sl* 1 win 1 ”!tti hh ! Sin 5i|o 

tn 

CD 

4^ 

0 

1 


tH (MCO COfc- ooo> 


•3968 

•794 

1-191 

1-587 

1- 984 

2- 381 

2- 778 

3- 175 
3-572 

3- 969 

4- 365 

4- 762 

5- 159 

5- 556 

6- 953 

6-35 

6- 745 

7- 144 
7-540 

7- 137 

8- 334 
S-731 

9- 128 
9-525 i 

Inches. 

Decimal. 

VO vovO VO VO VO vO»0 vO vovo vO 

!N>0t~<MV0J>. CSIvOfc- C‘<‘Ot- <MvOt- (MvO»>> 

coca OQvOrH t-CO CO<M OOvO T-lt-eC CD (M00‘O rHt-. cO 

»OiH05cocaooo>coa5COvoocot-T-i)D-fc-cooo-?i<cD vocoT-acocavoooeo-^osvo 

r-(CCC0'THC0t-t-0SOr-lca’^!j<v0v0c-00C3SOTHC0e0V0CDl>-C005r-lTHCa->5j(v0v0t>- 

OOOOOOOOrHr-(rHT-tTHraT-<r-lT-HCa<M(MCa<McaeSI(M(>JCOCCcOCOeOCOCO 

fraction. 

nJ-K 1 "BhRoIS I "KHS 1 ■*« 1 SHS 1 SHS5B 1 h. 5B I 1 SBaS 1 SB- 
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USEFUL FOEMULiE AND EQUATIONS 

TABLE 41. -CONVERSION FACTORS. 
English to Metrical. 


Linear Measure. 


Inches 

X 25-39954 

= millimetres. 

Inches 

X 2-539954 

= centimetres. 

Inches 

X 0-02539954 

= metres. 

Feet 

X 0-304795 

= metres. 

Yards 

X 0-91438325 

= metres. 

Fathoms 

X 1-82876696 

== metres. 

Links 

X 0-20117 

--= metres. 

Poles 

X 5-02911 

= metres. 

Furlongs 

X 201-16437 

== metres. 

Miles 

X 1609-3146 

= metres. 

Miles 

X 1^6093146 

= kilometres. 

Nautical miles 

X 1855-020 

= metres. 

Nautical miles 

X 1-855020 

== kilometres. 

Square Measure. 

Sq. inches 

X 6-45125 

~ sq. centimetres. 

Sq. inches 

X 0 000645125 

= sq. metres. 

Sq. feet 

X 0-0928980 

= sq. metres. 

Sq. yards 

X 0-8360820 

= sq. metres. 

Eods 

X 25-291480 

= sq. metres. 

Roods 

X 10-116750 

= acres. 

Acres 

X 4046-71 

= sq. metres. 

Acres 

X 0-404671 

= hectares. 

Sq. miles 

X 2-58998 

= sq. kilometres. 

Sq. miles 

X 258-998 

= hectares. 

Cubic Measure. 

Cub. inches 

X 16-3861759 

= cub. centimetres. 

Cub. feet • 

X 0-02831531 

= cub. metres. 

Cub. yards 

X 0-764553 

= cub. metres. 

Weight. 

Grains (troy) 

X 0-0648 

= grammes. 

Peony weights 

X 1-5552 

= grammes. 

Drams 

X 1-772 

= grammes^ 

Ounces (troy) 

X 31-1035 

= grammes. 


1 2 (! 


lUDTO-TlfiLKOlUPlIV 


Wdglil coufifumL 

OiiiU'.os (avoir.) 

X ii8-;M<)r) 

granunoH. 

PouiuLs (troy) 

X im-2‘20 

fjjfamrties. 

PouikIh (avoir.) 

X 458-59205 

|j;rauirneH. 

Poundn (a, voir.) 

X ()-453592()5 

' Idlograiomes. 

OwtH. 

X 50-802377 

kilograinuKiS. 

Tons 

X 10ir)-04r75443 

kilograinrues, 

Tons 

X 1-0100475443 

tonnes. 

Tojxh (Aiiioricau) X 0'908 

tonnes. 

Volume, 

Pints 

X 0-56825 

— litres. 

Quarts 

X 1-13660 

- " litres. 

. Gallons 

X 4-545903 

litres. 

Busliels 

X 36-3677 

litres. 



MkTRIOAI. to ENOLTBir. 

Linear Measure. * 



Milliuietrcs 

X 0-0393708 ^ 

inches. 

Oentirnetres 

X 0-393708 

inches. 

Decimetres 

X 3-93708 

inches. 

Metres 

X 39-37079 

inches. 

Metres 

X 3-2808992 ^ ^ 

feet. 

Metres 

X 1-093033 

yards. 

Kilometres 

X 1093-033 

yards. 

Kilometres 

X 0-02137 

miles. 

Myriametres 

X 0-2138 

miles. 

Ono Noeud == One Eng. nautical inile. 


Bquare Meas%ire. 



B(j[. millimetres 

X 0-00155 = 

sq. inches. 

Bq. centimetres 

X 0-165 

sq. inches, 

Sq. metres 

X 10-7639 -= 

sq. foot. 

Bq. metres 

x"l-193623 

sq. yards. 

Ares 

X 119-6 = 

sq. yards. 

Ares 

X 0-098845 = 

roods. 

Hectares 

X 2-471143 

acres. 

Bq. kilometres 

X 247-1 J 43 

acres. 


USEFUL FORMULiE AND EQUATIONS 


127 


Cubic Measure, 


Cub. centimetres 

X 0-061027 

Cub. decimetres 

X 61-024 

Cub. metres 

X .35-31658074 

Cub. metres 

X 1-3079.54 

Weight, 


Milligrammes 

X 0-015 

Grammes 

X 15-4323 

Grammes 

X 0-643 

Grammes 

X 0-03527 

Kilogrammes 

X 16433-0 

Kilogrammes 

X 35-3 

Kilogrammes 

X 2-679 

Kilogrammes 

X 2-20462126 

Myriagrammes 

X 22-0462126 

Quintals (100 kilos.) X 220-462125 

Quintals 

X 1-968 

Tonnes (1,000 kilos.) X 2204-62125 

Tonnes 

X 0-9842 

Volume. 


litres (1,000 cu.crns 

i.)x 1-7698 

Litres 

X 61-025385 

Litres 

X 0-22 


-- cub. incbeB. 
cub. incbea. 
cub. feet, 
rrrr cub. yards . 


grains (troy), 
grains (troy). 

= pennyweights. 
= ounces (avoir,). 
= grains (troy), 
ounces (avoir.), 
pounds (troy). 
])ounds (avoir.). 
= pounds (avoir.). 
= pounds (avoir.), 
cwts. 

pounds (avoir.). 
==: tons (British). 

— pints. 

=“-: cub. metres, 
gallons. 


COMPOUND CONVERSION FACTORS. 


English to Mbtbioal. 


Weight and Length, 

Pounds per foot X 

Pounds per yard X 

Pounds per mile X 

Tons per foot X 

Tons per yard X 


1-48817 == kilos, per metre. 
()-49606 kilos, per metre. 
0-2818 — kilos, per kilometre. 
3333-33 = kilos, per metre. 
1111-11 kilos, per metre. 


Pressure am^d Area. 

Pounds per sq. inch 
Pounds per sq, inch 
Tons per sq^. inch 
Tons per sq. inch 


X 0-00070 = kilos, per sq. millimetre. 
X 0-0703 = kilos, per sq. centimetre. 
X 1-57488 — ■ kilos, per sq. millimetre. 
X 157-488 — kilos, per sq. centimetre. 
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PreHmro and Area— continued. 

Pounda per aq. foot. X {)-()(KM!> 
Pounds per a([. foot X 4-88:$ 
Tona per aq. foot x l-()();J07 . 
Tons per H([. foot x lOdKUiT 

Tona per aq. yunl x 1-2 15 

Wei(/ht and Volume. 

Pounds per cul). foot x l()-020 
Poiuids per cub. yard X O-bynS 
Tons pet cub. yard x 1*329 
Grains per gallon x 0-01426 = 
Pounda per gallon x 0-09983 = 

Tons per acre X 2510-71 

Volume and Area. 

Gallonaper aq. foot X '18-905 
Buabcla per aor(i x 0-89867 

Weight ami Length. 

Eoot-pounda X 0-13825 = 

Inch-tons X 25-8076 ^ 

Eoot-tona X 309-691 . 

Horse-power. 

Iforsc-power X 1-0189 - 

Pounds per h.p. X 0-477 

kSq. feet per h.p. X 0-0196 

Cub. feet per h.p. X 0-0279 


kiloH. piu-afp eentiinci.n^ 

- kilos. ])er aq. tnetre. 
kilos. j)era(). (-.(ud.iiiH'tre. 
tonnes j)er scj. nietn-. 
tonnes per H([. metre. 

. kilos, per cub. metre. 

“ kilos, per cub. metre. 

== tonnes per cub. metro. 

~ grammes per litre. 

= kilos, per litre, 
kilos, per liectare. 

litnis per sq. tnetre. 
hectolitres per hectare. 

- kilogram-metres. 

= kilogram-metres. 

= kilogram-metres. 

- force de ohoval. 

: kilos, per eheval. 

.aq. metres pt-r <-.heval. 
<'ub. metnts juu- elnsval. 


B.Th. Units X 

B.Th.Ua. per sq. foot X 
Joules V 


: (salorioH. 

calories per sq. metnt. 
■ gramme calorics. 


ITI P/1 

'll and Length. 

Kilos, pent) otre 
Kilos, per metre 
Kilos, per metro 
Kilos, peritietro 

Kilos, per kilometn' 


MKTiUOAn TO Enuijhu. 


X ()-(!72 
X 2-016 
X 0-0003 
X 0-(K)09 


pounds per foot. 

- pounds p^T yard. 
= btna per toot. 

- k>ns pt-r yard, 
pounda per mile. 
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Pressure and Area. 

KiloH. X .1 4-223 

KiloH. porH(j[. luilliniotre X 0-()35 


Kilos, per sq. metre 

X 0-2()d8 

l\)uncs per sq. metre 

X o-oyi4 

Tonnes per sq. tnetre 

X 0-822() 

Wei(/ht and Volume. 

Kilos, per cub. metro 

X 1-G85 

Kilos, per cub. metre 

X 0-0024 

Tonru’is per cub. rtictre 

X 0-752 

Cratnmes ])er litre 

X 70-1 

Kilos, per litre 

X 10-02 

Vokwie and Area. 

Litres per sq. metre 

X 0-0204 

Weight and Length. 

Kilograni-mctros 

X 7-238 

Toime-metrcs 

X 3-09 

Horse-power. 

h'orc^e d('. cheval 

X 0-9803 

Kilos. ])er cluwal 

X 2-235 

H(\. metre's p(‘.r ebeval 

X 10-913 

(hib. metres per cIk'aoiI 

X 35-8()(i 

Ue.tl. 

Oalones 

X 3-908 

(jalories per sq. metre 

X 0-309 

Oramruo-calories 

X 1-187 

Veheilji. 

Kilometres pevr hour 

X 0-91135 


pounds per sq. inoli. 
= tons per sq. inch. 

= pounds per sq. foot, 
tons per sq. foot, 
tons per sq. yard. 


— pounds per cub. yard. 
=“ pounds per cub. yard. 
= tons per cub. yard. 

grains per gallon, 
pounds per gallon. 

— gallons per sq. foot. 

r:::: fOOt-pCUUdS. 

" foot- tons. 

horse-power, 
pounds per li.p. 
sq. feet per h.p. 
r-: cub. feet per li.p. 

-- B.Th. Units. 

— B.Th.Us. per sq. foot. 
-- joules. 

■ fcH'.t p(vr sec-ond. 
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TABLK .12. WIR.K AND SHIOKT (JAlKiKS. 

’’I'Iks JollowiJig Tal)l(i ;.;iv(‘..s l.li<^ doiiipurnti v(‘. nizcs of winw uud Hluad.H 
in tlio iiioKidoiiiMKHiffniigt's. ThcdimcjiHionHgivouaro Mio diaiiudcrH 
in inaiioa. 


•S 

“S’ 

M 


00 00 00 
00000 
0000 
000 
00 
0 
1 
2 

A 

r> 

0 

7 

H 

0 

10 
1 1 
1*2 
IH 

14 

15 
10 
17 
IH 
10 
20 
*21 
2*2 
20 
21 
25 
20 
27 
2H 
20 
00 
01 
02 
00 
01 
05 
00 
07 
OH 
00 
10 
4 t 
4*2 
4 0 
4 4 
45 
4(i 




•404 
•402 
•400 
-072 
•04H 
•024 
•000 
•270 
•252 
•202 
•212 
•102 
•170 
•100 
•144 
•128 
•I 10 
• 1 04 
•002 
•080 
•07 2 
•004 
•050 
•018 
•040 
•000 
•002 
•028 
•021 
■022 
•020 
•018 
■0104 
•014 8 
■0100 
•0124 
•01 10 
■0108 
•010 
•0002 
■0084 
•0070 
•0008 
•0000 
•0052 
•0048 
•004 4 
•0040 
•0000 
•0002 
•0028 
■0024 


©o 

h 

gw 

g , 

is 

|l 

II 

i S 
rl 

ll 

Wf/J 

•1 

B & 

w 

II 

W 

If 

•454 

•4(50 

:: 

■ : 


•4 25 

•4 00(5 


, . 


•380 

•3(148 




•34 0 

•3240 




•300 

•3803 

•004 

•31*25 

•004 

•284 

•257(5 

•005 

'•2813 

•005 

•250 

•‘2*204 

•008 

•2500 

•008 

•238 

■2043 

•010 

•234 1 

•010 

‘220 

•1800 

•012 

•2188 

•012 

•203 

•1(520 

•0 1 5 

•203 1 

•013 

•180 

•1443 

•0 1 

•1H75 

•015 

•1(15 

•1285 

•01(5 

•1710 

•010 

•148 

•1141 

•010 

•1503 

•010 

•134 

•1010 

•021 

•140(1 

■024 

•120 

•0007 

•020 

•1250 

•020 

•100 

•OHOH 

•034 

•1125 

•031 

•005 

•0720 

■03(5 

•1000 

•030 

•083 

•0(141 

•04 I 

•0875 

•oil 

•072 

•0571 

•047 

■0750 

•017 

•005 

•0508 

•051 

•0025 

•051 

'058 

■0153 

•057 

•05(13 

•057 

•040 

•0403 

•0(11 

•0500 

•001 

•042 

•0350 

•0(54 

•0438 

•004 

■035 

•0320 

•007 

•0375 

•007 

•032 

•0285 

•072 

•034 1 

•072 

•028 

•0253 

•074 

•0313 

•074 

■025 

■02 *2(5 

•077 

•0281 

•077 

•022 

•0201 

•082 

•0250 

•082 

•020 

•0170 

•005 

•0234 

•005 

•OlH 

•0150 

•103 

•0210 

•103 

•OKI 

•0142 

•113 

•0203 

•113 

■014 

■012(5 

•120 

•0188 

•120 

•013 

•0113 

•124 

•0172 

•124 

•012 

•010 

•12(5 

•015(5 

•120 

•010 

•0080 

•1 33 

•OMl 

•133 

•000 

•0070 

•143 

•0125 

•143 

•008 

*007 1 

•145 


•145 

•007 

•00 (53 

•14H 


•148 

■005 

■005(5 

•158 


•158 

•004 

•()0f)() 

*1(57 


•1(57 


■()()45 





•0040 

•0035 


... 

— ~ 

... 

•0031 


... , 



... 

• * 

:: 

j 


I 

fl I 

B f 


•too 

•407 
•4 00 
•075 
■044 
■020 
•000 
•*274 
•25 
•220 
•200 
•101 
•17 1 
*150 
•MO 
•100 
•117 
•100 
•000 
•070 
•000 
•0025 
•050 
*047 
•04 1 
•000 
•0015 
•028 


227 

210 

212 

207 

204 

201 

100 

107 
104 
10 1 
188 
185 
182 
IHO 
17K 
175 
172 
I OH 
104 
101 
157 
1 55 

150 

151 
MH 
140 
140 
100 
104 
127 
120 
115 
U2 
110 

108 
1 00 
100 
101 
000 
007 
005 
)02 
088 
085 
081 
070 



•001 

•002 

■000 

•004 

•005 

•000 

•007 

•008 

•000 

'010 

■UU 

•012 

•010 

•014 

•015 

•010 

■017 

•018 

•010 

•020 

■022 

•024 

•020 

•028 

•030 

•002 

•004 

•000 

•008 

•040 


■045 


• 0*20 
•001 
•003 
•035 
•037 
■030 
•04 I 
•043 
•045 
•047 
•052 


-4088 

•4375 

•4003 

•3750 

•3438 

•3125 

•2813 

•2050 

•2500 

•2344 

■2188 

•2031 

■1875 

•1710 

•1503 

•MOO 

•1250 

•1004 

•0038 

•0781 

•0703 

•0025 

•0503 

•0500 

•0438 

*0375 

•0344 

•0313 

•0281 

•0250 

•0210 

•0188 

•0172 

•0150 

•0141 

•0125 

•0100 

•0102 

•0001 

•0080 

■007K 

•0070 

•0000 

■0003 


I. 

u 


000000 

00000 

0000 

000 

00 

0 

1 

2 

3 

4 

5 
0 
7 
H 
0 

10 
1 1 
12 

13 

14 

15 
10 
17 
IH 
10 
20 
21 
22 

23 

24 

25 
20 

27 

28 

20 

30 

31 

32 

33 
31 
35 
30 

37 

38 
30 
4 0 
4 1 
4 2 

43 

44 

45 
40 


N.H. To con vort. tlicHc dinuMiHlonH l<i millimcl n h divKic by ‘03037 ♦ 
HccUoiuU area where ** d Ih lh<^ dlanu'ier. 
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TABLE 43.— WIRE GAUGES. 

The legal wire gauge for use in the United Kingdom is the Imperial 
Standard Wire Gauge (S.W.G.). This gauge is also iu general use 
for the thickness of metal sheets. There are several other gauges 
ia use, the more common, being the Birmingham Wire Gauge 
(B.W.G.)j American or Brown and Sharpe Gauge (B. & S.G.), 
and the* Stubs’ Steel Wire Gauge. 

The following Table gives the dimensions of the Imperial Standard 
Wire Gauge. 

IMPERIAL STANDARD WIRE GAUGE. 


S.W.G. 

Number. 

Diameter. 

Sectional Area. 

S.G.W. 

Number. 

Actual 

Inches. 

.Approx. 

Inches. 

m-m. 

Square 

Inches. 

Square 

m.m. 

000000 

•464 

ij -* 

11-78 

-16909 

108-989 

000000 

00000 

•432 


10-97 

•14657 

94-515 

00000 

0000 

•400 

If - 

10-16 

•12566 

81-073 

0000 

000 

•372 

1 - 

0-45 

a 0868 

70-139 

000 

00 

•348 


8-84 

•09511 

61-374 

00 

0 

•324 

11 - 

8-23 

•08244 

53-197 

0 

1 

•300 


7-62 

•07068 

45-603 

1 

2 

•276 

A - 

7-01 

•05983 

38-595 

2 

3 

•252 

i + 

6*40 

•04987 

32-170 

3 

4 

•232 

M - 

5-89 

•04227 

27-247 

4 

5 

•212 


5-38 

•03530 

22-733 

5 

() 

•192 

fh + 

4-88 

•02895 

18-705 

6 

7 

•176 

11 + 

4-47 

•02433 

15-692 

7 

8 

•160 


4-06 

•02011 

12-970 

8 

9 

•144 


3-66 

•01629 

10-510 

9 

10 

•128 

1 + 

3-25 

•01287 

8-303 

10 

11 

•116 

+ ' 

2-95 

•01057 

C -819 

11 

12 

•104 

7 

2*64 

•00849 

5-480 1 

12 

13 

•092 

1 + 

2-34 

•00665 

4-289 

13 

14 

•080 1 


2-03 

•00503 

3-243 

14 

15 

•072 

'& — 

1-83 

-00407 

2-627 

15 

1 C ) 

•064 


1-63 

•00322 

2-075 

16 

17 

•056 

- 

1*42 

•00246 

1-589 

17 

18 

•048 

+ 

• 1-22 

•00181 

1-168 

18 

19 

•040 


1-016 

•001256 

•8109 

19 

20 

•036 

+ 

•914 

•001018 

•6567 

20 

21 

•032 


•813 

•000804 

•5188 

21 

22 

•028 

t - 

•711 

•000616 

•3973 

22 

23 

•024 

4 - 

•610 

•000452 

•2919 

23 

24 

•022 

n ? + 

-559 

•000380 

•2453 

24 

25 

•020 


•508 

•000314 

•2027 

25 

26 

•018 

ih + 

•457 

•000254 

•1642 

26 

27 

•0164 

k + 

-417 

•000211 

•13628 

27 

28 

•0148 


•376 

•00017 2 

•11099 

28 

29 

•0136 


•345 

•000145 

•093722 

29 

30 

•0124 


•315 

•000121 

•077910 

30 . 

31 

•0116 



•295 

•000106 

•068181 

31 

32 

•0108 



•274 

•0000916 

•059102 

32 

33 

•0100 



•254 

•0000785 

•050670 

33 

34 

•0092 



•234 

•0000665 

•042887 

34 

35 

•0084 



•213 

•0000554 

•035752 

35 

36 

•0076 



•193 

•0000454 

•029267 

36 

37 

•0068 



, -173 

•0000363 

•023430 

37 

38 

•0060 



•152 

•0000283 

•018241 

38 

39 

•0052 

. 

•132 

•0000212 

•013701 

39 

40 

•0048 

— 

•122 

•0000181 

•011074 

40 
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SCEEW THREADS. 


British Association Standard Thread {B.S.A.). 

Angle of thread degrees. 

- Cut away top and bottom of pitch. 

Top and bottom rounded to a radius of pitch. 

British Standard Whitworth Thread. 

Angle of thread 55 degrees. 

Pitch — threads per inch* 

Depth = pitch X '64033. 

Eadius top and bottom = pitch X -1373. 

Cut away top and bottom | of the V made by the angle 55 degrees. 

Square Thread [Single, Double and Treble). 

In the single thread the depth of thread and thickness are 
usually half the pitch. 

The double and treble threads are worked into the space taken 
for the pitch of the single thread. 

They are generally used to transmit motion. 


Acme Thread. 

As the square threads are difficult to cut, this thread is often 
used in its stead. 

Angie between the sides 29 degrees. 

Pitch ~ jiumber of threads per inch’ 

Depth of thread == half-pitch. 

A clearance of *01 is allowed top and bottom in all sizes. 

American Standard Threads [Seller's). 

Angle of thread 60 degrees. 

Top and bottom cut flat J pitch wide. 

Pitch -- Qf threads per inch* 

Depth = pitch X -6495. 

International Standard Thread [Metric System). 

Same as Seller’s thread except that bottom is rounded to | pitch 
instead of flat. 
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Cycle Engineers' Standard Thread. 

Angle of thread 60 degrees. 

Cut away top and bottom and rounded to a radius of J pitch. 

NUTS AND BOLTS. 

Whitworth Standard Bolt Heads. 

Across flats = 1 .. . . * m n 

[ dimensions given in Table. 

,, corners = j ^ 

Thiclmess = | diameter. 

Whitworth Standard Nuts. 

Flats and corners same as head. 

Thickness = diameter. 

Standard Thin Loch Nuts. 

Flats and comers same as head. 

Thickness f thickness of standard nut. 

British Standard Heads for Small Screws. 

Diameter = 1-75 diameter over thread. 

Thickness varies according to purpose required. 

American Standard Bolt Heads and Nuts {Seller's). 

Across flats = 1 J diameter + yV 
Thickness = 1 diameter + yV inch. 

Standard Castle Nut. 

Total height = 1*26 diameter of thread. 

Height of hexagonal portion = *75 diameter. 

Diameter of cylindrical portion = width across flats — yV inch. 
Cylindrical portion to have 6 slots '4375 diameter deep. 


TABLE 44.— BRITISH ASSOCIATION THREADS. 
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TABLE 40.— BRITISH STANDARD BINE SCREW THREADS. 


Diameters. 

Coro 
Area 
Sq.. ins. 

Depth 

of 

Thread. 

Pitch. 

i 

Threads 
per Inch. 

Diameter. 

Full 

Fraction. Decimal. 

Effec- 

tive. 

Core 


•25 

•2244 

•1988 

•031 

•0256 

•04 

25 

1 


•3125 

•2834 

•2543 

•0508 

•0291 

•0455 

22 


\ 

•375 

•3430 

•311 

•076 

•032 

*05 

20 

f 


•4375 

•4019 

•3664 

•1054 

-0356 

*0556 

18 

/(i 

i 

•5 

•46 

•42 

•1385 

•04 

*0025 

16 



•5625 

•5225 

•4825 

•1828 

•04 

•0625 

16 


f 

•625 

•5793 

-5335 

•2235 

•0457 

•0714 

14 

\ 


•6875 

•6418 

•596 

•279 

•0457 

•0714 

14 


f 

•75 

•6966 

•6433 

-325 

•0534 

•0833 

12 

f 


•8125 

•7591 

•7058 

•3913 

•0534 

*0833 

12 

1:1 

\ 

•875 

•8168 

•7686 

•452 

•0582 

*0909 

11 

i 

1 

1-0 

•936 

•8719 

•5971 

•064 

•1 

10 

1 

n 

1-125 

1-0539 

•9827 

•7585 

•0711 

•1111 

9 

Ih 

u 

1-25 

1*1789 

11077 

•9637 

•0711 

•1111 

9 

11 


1-375 

1*295 

1-2149 

1-1593 

•08 

•125 

8 

12 

n 

1-5 

1*42 

1-3399 

1-41 

•08 

•125 

8 

Ik 

u 

1*625 

1-545 

1-4649 

1-6854 

•08 

*125 

8 

12- 

ii 

1*75 

1*6585 

1*567 

1-9285 

•0915 

*1429 

7 

11 

2 

2*0 

1*9085 

1-817 

2*593 

•0915 

*1429 

7 

2 

2i 

2*25 

2*1433 

2*0366 

3-2576 

•1067 

•1667 

6 

2i 

2i 

2*5 

2*3933 

2*2866 

4-1065 

•1067 

*1667 

6 

2k 

2t 

2*75 

2*6433 

2*5366 

5-0535 

•1067 

*1667 

6 

21 

3 

3*0 

2*8719 

2-7439 

5-9133 

•1281 

*2 

5 

3 

3i 

3*25 

3*1219 

2*9939 

7-0399 

•1281 

*2 

5 

3Jr 

H 

3*5 

3*3577 

3*2154 

8-1201 

•1423 

*2222 

4-5 

3^ 

n 

3*75 

3*6077 

3*4654 

9-4319 ! 

•1423 

•2222 

4*5 

3| 

4 

4*0 

3*8577 

3*7154 

10-8418 

•1423 

•2222 

4-5 

4 

4i 

4*5 

4*3399 

4*1798 

13-7215 

•1601 

•25 

4 


5 

5*0 

4*8399 

4*6798 

17-2006 

•1601 

•25 

4 

5 

5i 

5*5 

5*317 

51341 

20-7023 

•183 

•2857 

3*5 

6k 

0 

6*0 

5*817 

5*6341 

24-931 

•183 

*2857 

3-5 

6 


TABLE 47.— AMERICAN STANDARD SELLERS THREADS. 


Diameter. 

Pitch. 

Inches. 

Pitch. 

m.m. 

Width 
of Flat. 
Inches. 

Tap- 

ping 

Hole. 

Threads 

per 

Inch. 

Diameter. 

Full 

Fraction. Decimal. 

Core. 

i 

-25 

•185 

•05 

1-27 

*0062 


20 

i 


-3125 

•24 

•0555 

1-41 

*0069 


18 . 


V 

•37 5 

•294 

•0625 
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•0078 1 


16 

V 


•4375 

•345 
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2-116 

•0104 

ki 

12 


¥ 

•625 

*506 
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47. -Amichkjan STANDAiti) ISioLiiiiiTiH Thiikads — coniinuod. 


Dlajuotar. 


Full 

Krautluu. l)(U*.iiual. 


n 

n 

:t 

n 

n 

4 

II 

4^ 

/> 

r» 

u 


2*5 

2-75 

;i>o 

: 5 ' 2 r> 

:f5 

;i *75 

4-0 

4 - 2/1 

4 -f) 

4 - 7 r> 
:»•() 
rr 2 r» 

5- 5 
rr 7 r> 
(Ml 


( V)ro. 


2-175 

2-4 25 

2 -« 2 H 

2-H78 

;i-i 

:{-;ii 7 

;i-r)(i 7 

;i-7iiH 

4-027 

4-255 

4-4H 

4-73 

4- 053 

5- 203 
5-423 


inioli. 

llKihCH. 


•25 

•25 

•2857 

■2857 

•3077 

•3333 

•3333 

•3478 

•3030 

•3800 

•4 

•4 

•421 
•4 21 
•414 


ritcll. 

m.w. 


C-36 

(1-35 

7-257 

7-257 

7- 815 

8- 400 
8-400 
8-834 
0-230 
0-070 

10-10 
10-10 
10-08 
10-08 
a - 20 


Width 
of Flat,. 
InohoH. 


•0313 

•0313 

•0357 

•0357 

■0384 

•0410 

•0410 

■0434 

•04 54 

•0478 

•05 

■05 

•0520 

•0520 

•0555 


Tap- 

ping 

Hole. 


•'in 

i 


Threads 

per 

Inch. 


4 

4 

n 

31 

3 

3 

2 i 

2 f 

2? 

21 

2j 

21 

28 

21 


DIaiaotor. 


21 

21 

3 

31 

31 

31 

4 

41 

41 

41 


51 

il 

0 


TABI;M 48. AdMB STANDARD THREADS. 


M’hreadH 
per Ineh. 


1 


4 

5 
<i 
7 
H 
i) 
10 


Uopth of 
'I’liroad. 
lllollOH. 


•51 

•‘2(5 

•17(57 

•i:55 

•11 

•()<):5:5 

■OHM 

•0725 

■0(555 

■0(5 


WUltli at 
Top. 


•:5707 
•2471 
•185:5 
•1235 
•0927 
•0741 
■0(518 
•0529 
•04(5:5 
■04 1:5 

• 0:571 


Width at 

Bottom. 


•3655 
•2419 
•1801 
•1183 
•0875 
•0689 
•05(5(5 
•0478 
■04 U 
•03(51 
•0319 


ThioknpsB 
at Itoot. 


■6345 

•4247 

•3199 

•215 

•1625 

•1311 

•1101 

•0951 

•0839 

■0751 

■0681 


Vitfk. 

InohcB. 


1-0 

•(5666 

•5 

•3333 

■25 

■2 

■1667 

•1428 

■125 

•1112 

•1 
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. TABLE 49. 

SCKEW THREADS FOR GAS AND WATER PIPES. 

The dimensions of threads for pipes adopted by the Engineering 
Standards Committee differs slightly in some cases from the older 
and more generally used Whitworth Gas Threads. The accompany- 
iixg Table gives the relative sizes of the two. 

Standard Pipe Threads and Whitworth Gas Threads. 


Intornal 
Diameter 
of Pipe. 


¥ 

i 

f 

4 


1 

li 

Ik 

1| 

2 

2i 

2i 

2i 

3 

3i 

3* 

4 

44 ^ 


r)i 

6 

7 

8 
9 


10 

11 

12 

i:i 

14 

jr> 

i(> 

17 

8 


Diameter over Thread. 
Inches. 

Diameter at Bottom of 
Thread. Inches. 

No. of Threads 
per Inch. 

Interna 1 
Diameter 
of Pipe. 

British 

Standard 

Thread. 

Whitworth 

Gas 

Thread. 

British 

Standard 

Thread. 

Whitworth 

Gas 

Thread. 

British 

Standard 

Thread. 

Whit- 
worth Gas 
Thread. 

•383 

•382 . 

•337 

•336 

28 

28 

i 

•518 

•518 

•451 

•451 

19 

19 

i 

•656 

•656 

•589 

•589 

19 

19 

ft 

•825 

•826 

•734 

•734 

14 

14 


•902 

•902 

•811 

•811 

14 

14 


1-04:1 

1-040 

-950 

•949 

14 

14 

: i 

1-189 

1-189 

1-098 

1-097 

14 

14 

■1, 

1-309 

1-309 

1-193 

1-192 

11 

11 

1 

1-650 

1-650 

1-534 

1-533 

11 

11 

H 

1-882 

1-882 

1-766 

1-765 

11 

11 

H 

2-116 

2-047 

2-000 

1-930 

11 

11 

H 

2-347 

2-347 

2-231 

2-230 

11 

11 

2 

2-587 

2.587 

2-471 

2-470 

11 

11 

2i 

2-96 

3.000 

2-844 

2-882 

11 

11 


3-21 

3-247 

3-094 

3-130 

11 

11 

2i 

3-46 . 

3-485 

3-344 

3-368 

11 

11 

3 

3-70 

3-698 

3-584 

3-581 

11 

11 


3-95 

3-912 

3-834 

3-795 

11 

11 

3i 

4*20 • 

4-125 

4-084 

4-008 

11 

11 

3| 

4-45 

4-340 

4-334 

4-223 

11 

11 

4 

4-95 

— 

4-834 

— 

11 

— 


5*45 

— . 

5-334 

— 

11 

— 

5 

5-95 

— 

6-834 

. — 

11 

— 

5 k 

6-45 

— 

6-334 

— 

11 

— 

6" 

7-45 

— 

7-322 

— 

10 

— 

7 

8-45 

. — 

8-322 

— 

10 

— 

8 

9-45 

— 

9-322 

— 

10 

— . 

9 

10-45 

— . 

10-322 

.. — 

10 

— 

10 

11-45 

— 

11-29 

— . 

8 

— 

11 

12-45 

— 

12-29 

. — 

8 

— 

12 

13-68 

— 

13-52 

■ , — 

8 

— 

13 

14-68 

— 

14-52 

— 

8 

— 

14 

15-68 

— 

15-52 

— 

8 

— 

15 

16-68 

— 

16-52 

— 

8 

— 

16 

17-68 

— 

17-52 

— 

8 

— 

17 

18-68 

— 

18-52 

— 

8 

— 

18 
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WOOD SCREWS. 

Wood HcrewH are usually made with countersunk, raised, or round 
lieads as shown, and of lengths between J in. and 7 ins. The dirnen- 
sions given in the '^fable are the usual standards adopted, and screws 
a-re- tnadc^ to these proportions by Ncttlcfold’s Department of 
Messrs. (Ju(.‘.st, Kecai and Nettlcfolds, Ltxl. 





EESmW^i 


• iL£/Yem~ 


TABLE m. 



I Mariu't(*r In InchoM. 

ThroadH 
ptir Innh. 
Approx. 

N(UU'OHt 


No. 

Aciunl. 

Approx. 

Kronch 

or 

Uaugo. 

IlUllJOH. 

oooe 

'054 

A 4- 

SB 

.. , 

i 

(Kie 

•057 


SO 

10 

A 

(K) 

*000 


S4 


1 

e 

•oos 

t^ft “ h 

S2 

11 

A 

1 

•000 

A ‘ - 

28 

12 

\ 

2 

•OHO 

A 1* 

20 

14 

A 

a 

•004 

5 

^ •> 

24 

10 

1 

4 

•lOH 


i:: 

22 

17 

{ 

5 

•122 


20 

18 

i 

W 

•ISO 


fit — 

IH 

19 

1 

7 

•150 


h — 

10 

20 

n 

H 

•104 



15 

20 

n 

9 

*178 

1 

1 + 

14 

21 


10 

•102 



IS 

21 1 

i| 

11 

*200 


4- 

12 1 

22 

2 

12 

•220 


k -h 

11 

2S 

2i 

la 

•2S4 


i 

11 

2S 

2i 

2i 

14 

■24 H 


T 

U) 

24 

15 

'202 

u -- 

10 

24 

3 

10 

•270 


A — — 

0 

25 

H 

17 

•200 


k - 

8 

25 


IH 

•S04 

A - 

8 

20 

4 

20 

■SS2 


ifi + 

7 

27 

4 

22 

•soo 



7 

28 

H 

24 

•SBH 



0 

20 

n 

20 

•410 


ii! - 

0 

SO 

RJ 

2B 

*444 



0 


(1 

SO 

*472 


/iS -1- 

0 

..... 

7 

S2 

•500 


i 

0 




'*/(» to a 
4/0 „ 4 

4/0 „ 8 

0 „ <1 
4/0 „ U) 

2 „ 8 
3/0 „ 14 
2/0 „ 10 
2/0 „ 10 

1 „ 24 
4 „ 10 

2 „ 30 
2 „ 32 
2 „ 32 

2 „ 40 

3 „ 32 

3 „ 40 
0 „ 32 

4 „ 40 
10 „ 24 

0 „ 40 
14 and 1 0 
8 to 40 
8 „ 40 
U) „ 40 
12 „ 32 
10 „ 40 
18 „ 40 


r^o rw. -SorowH of 3 [ inn., r.J iiw., 0 inn., and 7 iuH., arc inado in ('Von nangoH only, 
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WO 


WEiaHT. 

The following Table gives the approximate weight of countersunk 
headed, iron wood screws of the sizes most commonly used. 
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W 

o 

w 






4 


o 




|^e1 

CO 

00000000 >0^0 

OvOOt-kOiOSpONl^ 
eOCO-rHxHOcboCOrHCO 
iH tH 

CO 

OO^OOOOvftOOvCvOO 

O-^t^CNOOt-iOOOKMiO 

(jqc?5NcOi:c'^-4H^b“cbocN 

rH tH 

e4|«*i 

y^OOOvoOOOkOOO^ 
(MoiiOrH'^CpT^THCNt^O'^ 
tH 03 CO CO CO M VO CO 05 ^ 

H*i 

VO 0 VO VO 0 0 0 10 0 0 0 0 0 ® 

THi0t^O'^C-TH'?H(:»t-'Q0r-(‘0‘? 
rH A N N CSl CO CO CO tH VO t> cb ® 

H** 

(M 

VOOVOOOOVOVOVO 00000 

0 CO vp 00 0 CO CD 0 tH »H CO VO 0 

^ ,H ,H ,H ea 03 N cb cb -stt vb CO !>• 05 


ooeaovoooioooooooo . 

OW-^COcpOCpl^THOCOcpcpCN 

rHrHtHrHTHOacbcbebcbxHvbt-db 

If 

t-OvOtMCOCOCOOVOOvOOOvO 
C0OrH’^V0C»O-^t^v0iMC^'4((M 
rH tH iH tH tH N 03 (b cb tH vb cb 

H'm 

tH 

vocoooi>oeoo»o»o»oo , , 

00 rH CO CO C« tH 0 t- VO 

-fH tH tH rH rH 03 03 eb cb 4 h 

tH 

VOCOCOCOOOOOOOOOO , , 
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PIPE BENDS AND TEES. 

The dimensions given in the following Table are those adopted 
by the Engineering Standards Committee for cast metal short 
bends and tees, and for long bends of wrought iron and steel. 

In the case of short bends and tees it will be noticed that the 
dimension from the centre of the bore to the face of the flange (A) is 
always greater by 3 ins. than the bore of the pipe. 
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PIPE FLANGES. 

The following Tables give the dimensions of pipe flanges that have 
been adopted by the Engineering Standards Committee. Table 53 
gives the dimensions of flanges for working steam pressures up to 
55 lbs. per square inch, and for v^ater pressures up to 200 lbs. per 
square inch. Table 64 gives the dimensions of flanges for steam 
pressures up to 325 lbs. per square inch. 


TABLE 53.— BRITISH STANDARD PIPE FLANGES. 

Fob woRKiNa Steam Pbessuebs up to 65 rns. per so. in. and Water Pressures 

UP TO 200 DBS. PER SQ. IN. 
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FILLING HOLES IN CAST IKON. 

Melt together 9 parts lead. 

5 , „ 2 ,, antimony. 

,5 „ 1 part bismuth. 

Warm the hole before filling. 


RUST CEMENT. 

Slow Setting. Quick Setting. 

200 parts iron borings. 80 parts iron borings. 

2 ,, powdered sal-ammoniac. 1 part powdered sal-ammoniac 

1 part flour sulphur. 2 parts flour sulphur. 


SOLDERING FLUXES. 


Iron and steel 
Copper and brass 
Zinc (new) 

„ (old) 

Lead (with fine solder) 
„ ,, coarse „ 

Tin and pewter 
Tinned iron 


use chloride of zinc, sal-ammoniac or bora 
„ chloride of zinc, resin or sal-ammonic 
„ chloride of zinc. 

„ hydrochloric acid. 

,, tallow and resin. 

„ tallow. 

„ resin and sweet oil. 

„ resin or chloride of zinc. 


TEMPERATURE. 

Conversion of Degrees Centigrade into Degrees Fahrenhei 

AND VICE VERSA. 


The accompanying chart gives a ready means of reading c 
equivalent values on either scale. It must be remembered th: 
figures in any column on one scale must be read against the figur 
in the correspondingly lettered column on the other scale. Thii 
— 10° C. = 14° F., and 338° F. = 170° C. The chart may be extendc 
to any extent by the addition of columns of degrees in the saix 
sequences. It will be seen that 

1° C. contains 1*8° F., and 1° F. contains 0*56° C. 

The corresponding values of any number of degrees may be foun 
by the use of one of the following formulae : — 
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TABLE 58.— THIMBLE DIMEMSIONS FOR WIRE ROPES. 
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From Bullivant & Co.’s Tables. 
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